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PREFACE 


Investigators, whether they are chemists, biochemists, or physicists, using 
infrared spectra to determine molecular structure have found little published data 
covering this type of work. The authors believe the material of this text will add 
very substantially to the available information in this rapidly expanding field. 
Since the methods of infrared analysis in determining the structure of chemical 
compounds at present are largely empirical, the certainty with which predictions 
of structure can be made depends greatly on the information and experience of 
the investigator. It is the plan to supply herewith some of the background which 
is required. 

To this end, methods of approach have been outlined; the possibilities inherent 
in the method have been explored; currently established correlations between struc¬ 
ture and the absorption spectrum have been itemized; the instruments and tech¬ 
niques have been described. In Chapter III, a unique tabulation is made of the 
assignments of absorption bands for a large number of compounds containing 
double bonds. In Chapter IV, the results of years of work on molecular structure 
are compiled in a form easily usable by nontheoretical chemists and physicists. 
Chapter V offers illustrations of the modus operandi for proceeding from the meas¬ 
ured absorption spectrum to its interpretation in terms of molecular structure. 
Finally, the actual records of a great variety of compounds are reproduced for 
their reference value as a library. The over-all attitude of the authors has con¬ 
sciously been held nearer to that of the organic chemist than that of the molecular 
physicist. 

During the war years of 1942-45, the authors formed one of the many govern- 
mentally sponsored research groups in this country and in England whose objective 
was to determine the ^ructure of penicillin and, if possible, synthesize it. In 
order to become sufficiently oriented for effective work, it was necessary to study 
spectra of many compounds, not all directly related to the penicillin molecule in 
structure, but largely all of the common family, of aliphatic or phenyl substituted 
aliphatic compounds. Becaush of this trend in the choice of compounds, no claim 
is made to a complete treatm'ent of the-present status, of infrared spectroscopy, 

even in its application to molecular structure. 

Nevertheless, the book should be of value to^anyone interested in the way that 
infrared analysis is done and the extent to which it can be helpful in chemical 
problems, coming as it does at a time when the infrared method is rapidly penetrat¬ 
ing the chemical and pharmaceutical industries, especially as applied to research 
and control in the chemistry of petroleum, rubber, plastics, medicinals, and dye¬ 
stuffs. Wherever a spectrograph exists, such research problems as are surveyed 
here can be met and advanced. 

The authors accordingly present this work with the belief that, although the 

material was obtained in furtherance of a liinited objective, it will nevertheless 
help in the solutions of problems in Very diverse fields. 

\ \ iii 
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Tlie nutlK.rs, lieing primarily physicists, had frequent recourse to the knowledge 
of otliers for cliemical information. In this re.spect they wish to ackno\\ledge giate- 
fnllv their indelitedness to Professors Werner E. Bachmann and Peter A. Smith o 
the Department of Chemistry, University of Michigan, for many special compounds 
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and the E. R. Squibb Laboratories, to Dr. Jack Hinman and the Upjohn Labora¬ 
tories, and to Dr. Karl Folkers and the Merck Laboratories for a number of the 

compouiuls ill the catalogue. 

The inked iiumliers appearing on certain plates in this book represent the 


authors’ original key. 


CONTENTS 


Preface 

CHAPTER 

I. The Application of Infrared Spectroscopy to Chemical Analysis 

II. Interpretation of Specific Structure Groups and Methods for Recogni¬ 
tion of These Groups 

III. A Catalogue of Empirical Structural Assignment for the Double-Bond 

Region 

IV. A Structural Assignment Catalogue for Theoretically Analyzed Mole¬ 

cules 

V. Application of the Infrared Method in Practice 

VI. Instruments and Experimental Techniques 

VII. Spectra of Various Compounds 


Index 



Chapter I 


THE APPLICATION OF INFRARED SPECTROSCOPY TO CHEMICAL 

ANALYSIS 


Introduction 

The growing importance of infrared spectros¬ 
copy in industry is evidenced by the increasing 
number of industrial laboratories which employ 
this type of spectroscopy as a tool to further their 
research programs. One factor which has hmited 
the rapidity of this increase has been the lack of 
adequate commercial spectrographs, amplifiers, 
recorders and supplementary equipment specially 
designed to meet the requirements of this kind of 
work. This difficulty seems to be in the process 
of being eliminated, for both spectrometers and 
spectrophotometers along with their attendant 
equipment are now becoming available. 

Many infrared installations in industrial lab¬ 
oratories are concentrating on the quantitative 
analysis of mixtures of compounds which are 
difficult to resolve chemically, such as stereoi¬ 
somers, cis- and trans-isomers, and especially 
compounds of similar boiling point. The utility 
of this method depends upon the uniqueness of 
the spectra of individual organic compounds. 
Since no two organic compounds possess com¬ 
pletely identical spectra, the variant bands may 
be used to estimate concentration by emplo 3 dng 
Beer’s law, which establishes the relation between 
intensity, concentration and thickness of the 
absorbing layer. 

Even qualitative identification of the com¬ 
ponents of a system may be of interest and impor¬ 
tance, and for this purpose the methods of infra¬ 
red spectroscopy are often particularly useful. If 
a large enough library of spectra is available, it is 
possible to identify compounds and, in favorable 
instances even mixtures of compounds, by com¬ 
parison with such reference spectra. For t.hiR 


purpose a card file or card-sorting device based 
on some number of prominent bands in the spec¬ 
trum of each compound would be helpful, the 

value of the method increasing with the size of 
the library. 

A third application which is receiving growing 
attention is the establishment of molecular struc¬ 
tures. The basis of this development is empirical 
and rests on the observation that certain combi¬ 
nations of atoms, recurring frequently in complex 
molecules, may be associated with certain absorp¬ 
tion bands in the infrared spectra of these sub¬ 
stances. Examples of such groups are C=0, NH, 
and CH3. Were the bands produced by each 
atomic group invariant and unique in their posi¬ 
tions in the spectra of all substances containing 
the group, it would be immediately possible to 
determine the presence or absence of any group 
in a given molecule by the measurement of its 
infrared spectrum. Each compound, however, 
possesses its own spectrum. The other structures 
adjacent to a given group influence its electronic 
and spatial configurations. In addition, the 
masses of the other atoms involved in the vibra¬ 
tion change from molecule to molecule. As a 
result, a given group may show somewhat dif¬ 
ferent values for its absorption bands in the 
spectra of different molecules which contain it. 
Further, the bands due to one group in one com¬ 
pound may have the same wavelength value as an 
entirely different structural group in another com¬ 
pound. As a result, some degree of uncertainty 
may attach itself to the interpretation of bands 
suspected of arising from any particular group. 

A complete test of a given molecular structure 
based on infrared data would result only if a 
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precise mathematical computation were able to 
predict from the structure the spectrum actually 
<>hs(‘r\'ed. Such a proof is possil^le only in the 
simpler molecules. It has been achieved for a 
number of such molecules where the intramo¬ 
lecular linkages were well known and only the 
orientation of these bonds and the inteiatomic 
distances were unknown. Here, assumptions 
concerning the unknown could be made and 
tested by computations of the frecpiencies and 
int(*nsities of absorption to be expected. After a 
satisfactory agreement was attained between 
these measured and computed values, the struc¬ 
ture was regarded as established. 

The above conditions are never fulfilled for 
complex molecules. The absorption spectrum 
and limited chemical data are the only sources of 
infoiination available. It is the intramolecular 
linkages that ai’e sought, and there is little or no 
basis for computation. Even when the linkages 
are known, the complexity of the molecules which 
chemists and biologists find “interesting defies 
such an approach. Under these conditions it is 
necessary to resort to empiricism and, by correla¬ 
tions between bands which occur regularly with 
recurring structural features throughout a series 
of compounds, to draw conclusions about struc¬ 
tures. 

Historical Background 

New as the methods of infrared spectroscopy 
may seem to many, quite a considerable time has 
elapsed since the original discovery of the relation 
between chemical structure and absorption in 
this region of the electromagnetic spectrum. Be¬ 
fore the turn of the century, Julius [1] * had 
shown that the methyl group is always accom¬ 
panied by an absorption band at 3.45 g. He ob¬ 
served also that the absorption spectrum of a 
molecule is not, in most cases, a simple sum of 
characteristic absorptions of its component parts. 
Aschkinass [2] and Ransohoff [3] found that a 
band at 3.0 g seein(*d t(» be associated with tlie 
hydroxyl group, althougti tlu* work <>f the latter 
on alcohols was opiMi to (|U(‘stion concm'iiing the 
water content of his sample's. Otln'i* iina'stigalors 
working at this period oblaint'd spectra of (piite a 
vark'ty of compounds, but few ollered valid iden¬ 
tifications until ('oblentz 11) |)ublisli('d his remark¬ 


able researches in this field in 1905. Progress in 
infrared spectroscopy has at all times been gov¬ 
erned by the progress in spectrometer design 
toward the necessary resolution and speed. The 
instrument which Coblentz applied to this work 
very nearly possessed the degree of resolution 
adequate for most chemical survey work. 

With this spectrometer, Coblentz examined 
over a hundred compounds of great variety. He 
obseiwed that nitrogen and oxygen when added 
to a hydrocarbon molecule usually cause intense 
absorption bands. He substantiated the identifi¬ 
cations made by Julius, and added the obseiva- 
tion that NHo was accompanied by absorptions at 
3.0 g and 6.0 g, while N=C==S in thiocyanates 
seemed to be characterized by a band at 4.8 g. He 
observed the striking bands at o.Sg in esteis and 
acids, but drew no conclusions from them. 

An important advance in the theory of molecu¬ 
lar physics was made by the discovery of the fine 
structure of the water vapor spectrum by E. von 
Bahr [5] in 1913. The design of high resolution 
instruments at Michigan and the recording in de¬ 
tail of the fine structure of the spectra of many 
simple chemical molecules gave such impetus to 
theoretical studies that the chemical applications 
of the method were accorded limited attention. 

Another factor which acted to hinder the appli¬ 
cation of infrared spectroscopy to chemical anal¬ 
ysis was the lack of a rapid, continuous method 
of recording spectra. Beginnings in the construc¬ 
tion of such recorders were made by Langley [6], 
Angstrom [7], Ellis [8], and Moll [9] whose devices 
were, however, subject to undesirable amounts of 
zero drift and, in addition, quite slow in opera¬ 
tion. In the modern spectrometer for chemical 
work, zero drift has been eliminated by interrupt¬ 
ing the entrant beam of radiation periodically 
and amplifying the periodic pulses of energj’’ pro¬ 
duced by the receiver. The amplification has 
b(H‘n ac(*omplished in a number of ways by opti¬ 
cal, coinbiiu'd electronic and optical, or purely 
electronic nu'aii'^. Speeil has now been achieved 
by tlu' improN einent of amplifiers and I'eceivei'S. 

Tlu’ demand I'or a suitable instrument, which 
luiN siimulat('d ilie current developments, is a 
consequence of []\v laborious survey efforts of 
many inventigators using equipment of the earlier 
ty]H*. \Vt'nig('r \ \[)\, in 1910, in a cai'eful and ex- 
tensi\e examination of alcohols, acids, esters, 


* S(*c cml of fhu|)t<‘r. 
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aldehydes and ketones, concluded that the strong offer it. Excellent discussions of this point have 
band always present at 5.9/x in the spectra of been given by Wright [22], Barnes [23], and 
compounds having a carbonyl bond is associated others [24], [25], [26]. 


with this bond. He found that the 3.0 ,u band is 
certainly caused by the OH group in alcohols, but 
he erroneously supposed that the 6.9 /x band seen 
in so many compounds also comes from this group 
rather than from the methyl group which actually 
produces it. He noted the existence of a band at 
9.6 /X in primary alcohols, 9.1 /x in secondary alco¬ 
hols, and 8.6 /x in tertiary alcohols which could be 
used, because of these shifts, to determine the 
position of the OH radical in the molecule. 

Schaefer and Schubert [11], in a series of papers, 
examined salts of complex anions, and found that 
these ions show very specific spectra involving 
several absorptions. Sulfates were found to have 
a principal absorption at 9 m; nitrates at 7 m; 
selenates at 11 m; chromates at 11 m; chlorates at 
10 m; bromates at 12 m- Lecomte [12], in the true 
spirit of the structural spectroscopist, obtained 
spectra of scores of related compounds and studied 
them for common factors. Ellis [13] examined 
large numbers of compounds in the region from 
0.5 to 3.0 M iu a search for harmonic series of 
which he discovered many. 

One of the earliest applications of infrared 
spectra to the study of molecular structure of 
complex molecules was made by Ross [14], in 
1926, when he examined the spectra of the py- 
rones in an attempt to decide whether the struc¬ 
ture included a benzene type ring with tetra- 
valent oxygen. 

By 1928, the methods and course of infrared 
spectroscopy had become sufficiently determinate 
to warrant the publication of treatises on the 
subject. Accordingly, texts appeared by Le¬ 
comte [15], Rawlins and Taylor [16], Schaefer 
and Matossi [17], and Sutherland [18]. The theory 
of band spectra was dealt with in these books and 
also specifically in articles by Dennison [19] and 

recently in texts by Ta You Wu [20] and by 
Herzberg [21]. 

The industrial period in the application of infra¬ 
red spectroscopy may be said to have begun in 
about the year 1936. Since this time its progress 
into commercial applications has been extremely 
rapid, owing to a nice congruence between the 
results which the method is capable of supplying 
and the questions which chemical industry has to 


The Interpretation of Spectra 

As previously stated, the locations of the 
absorption bands of a molecule are in general 
extremely sensitive to the molecular structure. 
Such a slight change as is introduced by stereoi¬ 
somerism produces its alterations of the spectrum, 
especially in the crystalline state, while a more 
drastic difference, such as that between the cis 
and trans isomers of a compound, can remove, at 
times, almost all traces of similarity between 
spectra. Replacement of intermolecular crystal 
lattice forces by those between solvent and solute 
molecules produces shifts in the position of bands. 
Release of intermolecular forces as in vapor 
spectra likewise produces changes. In crystalline 
compounds, there may be extra absorption bands 
caused by the removal, through molecular interac¬ 
tion, of degeneracies which had existed in the free 
molecule. 

All this presents a complex picture. However, 

some conclusions can be and have been made.‘ 

Certain groups of a molecule can be expected to 

maintain a degree of order under alteration of 

the compound, and many groups maintain a 

greater degree of order than might be expected. 

In a sunple diatomic molecule, the frequency v 

of vibration of the molecule—and consequently 

the position of its absorption band—depends 

upon the force constant k between the atoms, and 

the masses M and m of the two atoms, according 
to the relation: 

^ ^ J_ \k{M + m) 

2ir \ mM 

In a more complicated molecule the natural fre¬ 
quencies of the molecule, which, when there is a 
change in electric moment, are also the absorp¬ 
tion frequencies in the infrared, depend in a far 
more complex fashion on all the masses and all 
the force constants in the molecule. To have a 
band relatively stable in wave length associated 
with a given diatomic group in the molecule, such 
as a band at 5.75 m with an aliphatic ester car¬ 
bonyl group, it appears necessary that there be 

Barnes, Liddell, and Williams, “Infrared Spectroscopy, 
Industrial Applications,’’ Ind. Eng. Chem. (Anal. Ed.) 16, No. 11, 
p. 659. 
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soiiiptliing distinctive about the bond streiifith oi 
masses invobed in the group. The.se must be 
eitlu'r large or small, compared with the C—C 
g,(,up. The inherent difficulty in the problem 
comes because the principal skeletal constituents 
of oi-ganic compounds, carbon, oxygen and nitro¬ 
gen, are .so nearly alike in mass and, to a le.sser 
extent, in the strength of the bonds which they 
form. In general, then, the structural gioups 
which can be expected to remain unchanged in 
tlu'ir frequencies of vibration from molecule to 
molecule are: first, those involving hydrogen- 
stretching vibrations becau.se of the small mass of 
the hydrogen atom; and, second, those contain¬ 
ing double and triple bonds becau.se of the in¬ 
creased bond strength. It may also be po.ssible 
that bands due to groups including such massive 
elements as sulfur, phosphorus and the halogens 
can be tentatively identified as lying in rathei 

narrow wavelength ranges. 

Within the wavelength domain in which bands 
of each general cla.ss of vibrations (i.e., hydrogen¬ 
stretching, double-bond, etc.) may be found, 
bands of subclas.ses of vibrations (such as C=N, 
C=0, etc.) may range .somewhat widely and 
even overlap. Because of this, only two types of 
knowledge are generally possible from infiaied 
spectra. Each may help, however, to identify 
chemical structures. First, given a compound 
with a known double bond, it is usually quite 
easy to predict where the absorption band will 
lie. Thus, it is often a simple problem to distin¬ 
guish, by means of the infrared spectrum, between 
a number of propo.sed structures for a compound, 
if one of these structures is certain to be correct. 
Second, given an ab.sorption band, although it 
may be impossible to tell with certainty what 
actually caused it (since, for example, any band 
found betw('('n 5.5 /j and (1.5 g may Ik' ilue to a 
carbonyl group, but m.ay .also result from any one 
of a number of other types of bonds), it is iiossible 
to select a small niitnber of alti'rnativi' structural 
groups from which the b;iTid might aii'ta this 
information in eombin.it ion with other ex ideiiee, 
both chemical .and ])h>sieal, may lead to com¬ 
paratively rajud solutions nl I Ik* problem ol 
idcMitification. h'or ('xamj'le, il the eompoum 
und(M' invest ig.at ion has :i 'imnc, band at ti.t) 
although one cannot s,ay delmiielx' th.at it rt'sults 
from a C=0 or ('=N gron)), one can say, how¬ 


ever, that it is probable there is present either 
(I) a straight chain C=N, or (2) an acyl group 
affixed to a nitrogen atom, or (3) a conjugated 
acid group .such as benzoic acid. Certain unusual 
ring structures containing double bonds, and 
probably other configurations at present unrec¬ 
ognized, may also have bands here. Neverthe- 
le.ss, the information, in conjunction with other 
information which can be gained from the infrared 
.spectrum, in addition to the chemical knowledge 
often furnishes a guidepost sufficient foi the 
identification of the structure of a compound. 

Normal Positions 

A classification of the known bands and their 
approximate positions has been prepared empir¬ 
ically. It has been found that, in general, the 
cla.ssifications normally made on a basis of the 
chemical nature of compounds also have consider¬ 
able significance in the infrared spectrum. Thus, 
hydantoins behave similarly chemically, and they 
are also found to exhibit common peculiarities in 
the infrared. In general, no relation has been 
found between band location (i.e., bond strength) 

and chemical activity. 

Carbon 1)1 Groups. Carbonyl groups produce 
ab.sorptions found anywhere from 5.45-C.5 g. As 
a class of bands, they are by far the most stable 
in position (for a specific type such as esters), 
probably because they always result from chain- 
terminating groups. They are usually the strong¬ 
est bands in this region (this 5-7 p region is often 
called the “double bond” region) and are often 
the strongest in the spectrum. This fact in itself 
is helpful in identifying them. Any strong band 
between 5.5 p aiul 5.b p is almost certainly due to 
a carbonyl boiul. It has been found expedient to 
mak(' the following tlivisions of these compounds. 


Carbo.rijl (jroups 

.\. .\ciils, 5.7-5.9 p 
B. I'islers, 5.79 5.SO p 

(.'. Carbnwlati' ions 
I. MiM 'aWw salts 


0.2-0.35 ^ 

2. Aniiiu> acid zwitter ions, 0.2 


-0.4 M 


I ( (M■^.^^/// </( I irtifir('s 


\. 


Acid li;duU*^, 5.55 ju 
N il nvL^cu dt'i ix at ivos 

1. \cid amides, 0.0 


-0.2 M 
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o 


C. 

D. 

E. 

F. 


2. N-monosubstituted amides (acyclic), 

6 . 0 - 6.2 n 

3. N-disubstituted amides and N-acyl 
disubstituted amines, 6.0-6.1 /i 

Thiolesters, 5.95 n 
Lactones, 5.5-5.7 n 
Lactams, 5.75-5.9 n 

Anhydrides (two bands), 5.4 n and 5.65 m 


Other carbonyl groups 

A. Ketones, 5.8-5.9 u 

B. Aldehydes, 5.7-5.8 y 

C. Urea type, —NH—CO—NH— (not def¬ 
initely established) 

D. Cyclic diacylimide type, —CO—NH—CO— 
(two bands), 5.6 and 5.9 y 

C=N Groups. Because of the trivalence of 
nitrogen these bonds are always found either in 
the interior of a straight chain or in a ring. In 
the one case in which the chain is terminated by 
hydrogen (C=NH), the influence of hydrogen 
bonding by the labile hydrogen is almost as pro¬ 
nounced as the presence of an extension to the 
chain would be. The vibrations of these bonds 
result in bands which are found usually on the 
long wavelength side of 5.95 y. The only case in 
which the band, due to this bond vibration, has 
been known to be shifted to a shorter wavelength 
occurred when a charge was placed on the nitro¬ 
gen atom. 

Only a limited number of compounds having 
acyclic carbon-nitrogen double bonds have been 
examined. Among these were imino ethers, ox¬ 
imes, and guanidines. Bands for this vibration 
were found in general region 5.9-6.1 y. No effort 
will be made to classify the vibrations here owing 
to the paucity of examples, and uncertainty of 
the exact structure of many of the prototypes, 
especially among the guanidines. A much larger 
number of cyclic compounds having carbon- 
nitrogen double bonds have been tested. In gen¬ 
eral, any ring compound with four or more ring 
elements shows no strong absorptions in the 5—7 y 
region unless it has double bonds. Since the fre¬ 
quencies observed in a ring structure having 
conjugated double bonds are greatly altered from 
those of the corresponding acyclic double bond, 
it has been felt expedient to group absorption 
spectra of these ring compounds apart rather 


than to discuss them under the heading of the 
types of double bond which they contain. Uncon¬ 
jugated ring systems containing C=N bonds 
behave very much like open-chain systems, except 
that the absorption bands produced are usually 
much sharper in outline. Thus, the band result¬ 
ing from the C=N group in thiazolines is found 
at 6.15-6.3 y, a strong, sharp band. Substitution 
on the ring results in small influence on the wave¬ 
length of this band as long as no conjugation is 
introduced. 

Carbon-Carbon Double Bonds. The situation 
with reference to the vibrations characteristic of 
these bonds is similar to that of the carbon- 
nitrogen type, with one exception. The carbon- 
carbon double-bond vibrations usually result in 
such a small change in dipole moment that the 
intensity of the infrared absorption is very low. 
Only when the C=C group terminates a chain, or 
IS so situated that a nitrogen or an oxygen atom 
enters strongly into the same mode of vibration, is 
there a sufficient change of dipole moment to 
produce an intense band. The vibrations are 
always found on the long wavelength side of 6.0 y. 
Ring compounds containing unconjugated C=C 
bonds were not studied in the course of this work. 

Carbon-Sulfur, Nitrogen-Oxygen, Nitrogen-Ni¬ 
trogen and Sulfur-Oxygen Double Bonds. The 
carbon-sulfur vibration itself cannot fall in the 
5 7 y region, because the mass of the sulfur is too 
great and the bond strength too small. Neverthe¬ 
less, whenever the combination of a sulfur, carbon 
and nitrogen occurs either as 


% 


H 

-N. 




R 




or 


H 

R—N S 

V 


there is generally a strong band in the region from 
6.2-6.8 fi. We have suggested that this arises 
from a carbon-nitrogen bond which would ordi¬ 
narily be written as a single bond, but which is 

N 


strengthened in the ionic form 


C+—S prob¬ 


able for these compounds. This band will be termed 
a “thioureide ion” band. 

Absorption bands due to nitrogen-oxygen dou¬ 
ble-bond vibrations have been identified at 6.4- 
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t;..') n in various nitro-coinpouiuls, nitro methane, 
aitro toluene, nitro benzoic acid, and in the pen- 
tav.alent nitT'o{i('n compound benzophenoxime 
metlivl nitrone. Chloropicrin Is an exception, 

wWU a batul at (>.2!) m- 

A f(‘\v (liazo (‘oinpoiuuls have been measured. 
The band eoirespondiiiM: to this configuration has 
not been idc-ntified from lack of model compounds, 
and hc'cause the diazo linkage had undergone 
structural rearrangement in at least one case. 

Sulfates will not be included in the discussion of 
double-bond bands, since they do not occur m 
the same region with the others. A rathei com- 
pl(^x and intense absorption at about 8-8.5 g char- 

a(‘t(‘rizes the sulfates examined. 

Siftgle-Boftd Invariant Gronps. The hydrogen 
vibrations compose the major portion of this 
group and would produce the most stable bands 
in the spectrum were it not for the effect known 
as hydrogen bonding. This varies in an unpre- 
<lictal)le fashion, and makes it impossible to dis¬ 
tinguish between bonded NH and bonded OH 
vil)rations. Little need be said about this class of 
vibrations, since so much is already known and 
written about them.- For the sake of complete¬ 
ness, however, the unassociated hydrogen-stretch¬ 
ing vibrations, together with the spectral range of 
the absorption bands they produce, are given 

Ixdow: 

OH.2.t)(i-2.!)Sg 

NH.2.SS-;L2Sg 

SH.8.72-3.9 g 

01).3.() -3.8 g 

ND.3.85-4.log 

CH.3.05-3.7 g 

The associated OH and NH vibration bands 
rang<‘ widely. Bands at 3.0-iL3 g ar(‘ found in 
alcohols, amines, and acids. In solid acids fluue 
is freciuently a variety of bonding which is stable 
enough to produce* a eharact(*ristic absorption. 
These absorptions ai*e found from *>.(> 1.0// and 
if ]>resent mask possible* sullhydrxl \ibi;ition 
bands. In amino aciels. amine liydroeldoiides. 

and amino acid hyelroe'hlot ide-^ a -(‘ric' ol absorp¬ 
tions is founel iM'lwee’ii I.Og and u \\lue*h 

app(*ars te) be* charactcri>t le ol some* bonde'd lorm 


rikI Marlin, A176, JOS (lOin; ./, 

Hor. aiS 322 (10311); Xnrtn;iii hai. A'///;, ( 'h.u,, 

Ed.) 13, 1 (10-11). 


i 'In III. 
(.1 iiid. 


of NH. For a further discussion of these vibra¬ 
tions the reader is referred to Chapter IV. 

The only single-bond vibration between massive 
atoms which it is possible to use with any 
certainty is the C—O—C vibration, producing 
an absorption found in esters and ethers at 8—9 g. 

It is recognizable chiefly from its intensity. Ap¬ 
pearance of a strong absorption at this wavelength 
is far from a guaranty of the presence of such a 
configuration, but it serves well as a complement 
to the ester carbonyl bond absorption at 5.^5 g, 

in identifying this group. 

The location of the C—S—C group bands might 

be expected to be similar to those of the C—0 C 
group in stability. Investigation has shown that 
these bands lie between 14 g and 15 g, and, hence, 
are indistinguishable by wavelength alone from 
absorptions produced by the bending vibrations 
of the carbon skeleton. Nor can they be distin¬ 
guished by their intensity as in the case of the 
C—O—C group. Apparently, the increased mass 
of the sulfur reduces the extent to which it under¬ 
goes displacement in the vibrational motion, with 
a corresponding reduction in the change in dipole 
moment and absorption intensity. 

Absorption bands coming from NH bending 
vibrations are to be expected in the double-bond 
region. Primary amines actually do have a band 
of moderate absorption there ((3.1-6.4 g). Sec¬ 
ondary amines do not show a band of any strength. 
Amino acids have bands, one of which may result 
from the NH 2 deformation vibration. It seems 
unlikely that strong bands observed in this region 
need ever In* interpreted as caused by NH bend¬ 
ing vibrations in the IF -NH - R" structure and 
only occasionally as arising from NHo vibrations. 

Special Invariant Groups of Unknown Mode of 
Vibration 

In the com]K)unds which have been examined, a 
few additional bands besiiles those already ac¬ 
counted for also fall in this region between 5.5 g 
and 7.0 g. Although there is reason in assuming 
lliat there is, in general, a one-to-one eori'espond- 
fiicc InMwivn strong bands in the region from 
.') 7 g and the occurrence of double bonds in the 
mol(*culi'. nevertheless, exceptions are found, 
Sonu' of the known exceptions which have been 
dociibed are: (1) thioketo compounds, whei'e the 
carbt)n-sulfur double bond which should have no 
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band in this region exhibits one when in conjunc¬ 
tion with nitrogen; and (2) primary amines. 
Other exceptions are found in the N-acylated 
amines and the amino acids. All acyclic com¬ 
pounds, having the structure 

0 H 

^ / 

Ri—C—N—R2, 

where Ri and R 2 do not involve a carbonyl or 
imino group directly connected to the amide 
group, have two bands in the double-bond region. 
These are the carbonyl band at 6.0-6.2 ^ and 
another band at 6.4-6.6 //. No ordinary double 
bond exists in the configuration which will ac¬ 
count for the second band. In like manner, 
amino acids show three bands in the double-bond 
region. The first band, at 6.0-6.1 m, is probably 
from the second, at 6.1—6.3 is from 

CO 2 ; the third, at 6.60-6.70 /i, again has no 
obvious source in the structure. Further discus¬ 
sion of both of these classes of compounds will be 
made in a succeeding chapter. 

Ring compounds should in the main be included 
in this category. Certain simple rings involving 
no conjugation behave in a manner analogous to 
the corresponding straight-chain compounds. 
Thus, the carbon-nitrogen double bond in thiaz- 
olines, pyrazolines, imidazolines, etc., can be rec¬ 
ognized. Compounds having a high degree of 
conjugation like benzene, pyridine, thiophene, 
otc., exhibit double-bond bands, but the bands 
cannot be assigned in one to one correspondence 
to the double bond in the molecule, but are rather 
a result of characteristic modes of vibration of the 
ring as a whole. Substitution on the ring pro¬ 
duces pronounced alterations in the intensities 
and positions of these bands. It is necessary to 
make subclassifications in regard to the location 
of the substituents on the ring. Lack of time and 
insufficiency of ring compounds prevented this 
desirable extension of the work. 

The outstanding example of this situation is 
benzene. Benzene has a medium band at 6.55 /x 
and a strong band at 6.76 /x. When monosubsti- 
tuted it has two strong bands near 6.2 and 6.7 fi. 
The intensity of the 6.2 fi band depends in large 
measure on the nature of the substituent. When 
the substitution involves conjugation with the 
ring, a band also appears at 6.3 fi. Disubstitution 
enhances and slightly shifts the 6.2 /i band. 


0 

The phenylacetyl group, CH 2 C— , has an 
interesting set of specific absorption bands at 
13.3 and 14.4 with a third wandering band 
between these. The 14.4 /x band is extremely 
stable, and since absorptions in this region are 
not common, this group of absorptions can be 
used as an indication of the presence of a phenyl¬ 
acetyl radical. The 14.4 jj. band is characteristic 
of the phenyl group alone. 

All hydrochlorides have a number of sharp 
absorptions between 3.7-4.1 /x, sometimes weld¬ 
ing into a complex band. This configuration is 
quite similar to that of an associated acid. It 
is generally difficult, with the low resolution of 
the salt prism, to distinguish between hydrochlo¬ 
rides and acids, and, as noted previously, these 
would always mask a sulfhydryl absorption. 
Higher resolution would probably enable one to 
map and interpret these absorptions. At one 
time it was felt significant that these bands oc¬ 
curred at about the same wavelength as that of 

the free HCl stretching vibrations, but it is cer¬ 
tainly only fortuitous. 

When the nitrogen atom of amiline is singly or 
doubly substituted as in N-phenyl glycine ethyl 
ester, N-methyl anthranilic acid, or certain di- 
methylaminobenzal derivatives, a strong bond has 
been noted between 6.3 and 6.7 m which is be¬ 
lieved to be an enhanced single bond nitrogen 
vibration, and has been termed an ''anilino” 
group. This absorption was first called to our 
attention by Wright, and reinforces a belief in¬ 
spired by the unexplained bands of the amides, 
the amino acids, and the thioureide ion that the 
carbon-nitrogen single bond is often so strong as 
to invade the double bond region. 

Tools for the Investigation 

Although, at first thought, stability in wave¬ 
length seems an intrinsically desirable thing, 
actually it is an advantage in analysis that the 
bands are only stable to the first order of approx¬ 
imation, and, in the second order, still depend 
upon general molecular configurations. This per¬ 
mits one to make additional tests and obtain more 
information about the structure of a given mol¬ 
ecule than merely the number and nature of the 
double bonds and hydrogen atoms in it. 

Given, for example, a compound with a known 
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,,„.t»nxvlnto fjn.up. By inakinf^ a senes of the 
,:.ter, and so.liu.n salt of this compound, 
lakiofi solid and solution spectra of all three 
derivativ(>s (in both polar and non-polar solvents ^ 
if possible), many conclusions can be reached . 
fnnn considerati.m of the location of the acid, . 
ester, and ion carbonyl absorption, and from the 
shifts of these bands when the compound is run 
i„ solution. Double-bond bands in the molecule 
()th(‘r than the earhoxylate group bands also 
undergo telltale .shifts in iiosition when the nature 
of the earhoxylate carbonyl is changed m this 

fashion. .. 

ddie bands of all compounds undergo some shitt 

in position when a solution spectrum is compared 
with a .solid paste spectrum. It is therefore dt>- 
sirable to have a spectrum of the compound both 
in the solid state and in .solution. A truly com¬ 
plete catalogue would include both types of spec¬ 
tra. It was impossible to take time undei the 
pressure of the investigation in which the bulk of 
this information was obtained to run multiple 
spectra of each compound. Therefore, in general, 
each compound was used in its normal physical 

St il tc ♦ 

Additional information about the bonds asso¬ 
ciated with the labile hydrogen atoms in a mol¬ 
ecule (OH, NH, SH, etc.) can be obtained by re¬ 
placing these atoms with deuterium. Several 
lines of approach have been tried on this problem 

of deuterizing compounds. Compounds contain¬ 
ing the deuterium in the di'siri'd position have 
been .synthesized. Compounds with oidinaiy 
hydrogen have been treated to displace the hydro¬ 
gen with sodium, with sub.seiiumit displacement of 
the sodium with heavy water, or thi'y luni' bi'cn 
treated directly with excess heavy watm- to induce 
displacement by mass action. Of these methods, 
the last has been as successful as any. Bi'cnuse 
the degree of deuterizatioii has never seemed to be 
more than about 7o per c(mt, owing, it is i>re- 
sumed, to the univer.sal jiresenee of moistmv m 
the air and on apparatus, another method was 
propo.sed but not tested for ob.servina limited re¬ 
gions of the spectrum. This involve^ Di direct 
treatment of the sample with either heaw water 
or heavy alcohol, remo\ ing solvent, in \aeuo, and 
(2) running a solution spi'ctruiii ol the sample m 
either hi'avy tdcohol or heavy Wider using cells 
with siber chloride winelows. 


IModel compounds, of course, comprise the 
most effective aid to the identification of unknown 
structures as the degree of approximation to 
which the correct structure is known advances. 
But the model compounds are as much a hin¬ 
drance as a help unless their .structure is unequi- 
vociilly established, for in better than three- 
fourths of the disiigreements between the pre¬ 
dicted infrared spectrum and the observed spec¬ 
trum, the compounds have been found on svibse- 
quent chemical investigation to be failing either 
from decomposition, impurity, confusion, oi in¬ 
correct .structural assignment. In the rest of the 
ca.ses, a new structure group is required. The 
authors have come, after many trials, to tiust the 
infrared evidence on the minimum number of 
double bonds, the general nature of these bonds 
and the pre.sence of NH or OH groups, more than 
the chemical reputation of the compounds. 
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Chapter II 


INTERI’HETATION OF SPECIFIC STRUCTURE GROUPS AND METHODS 

FOR RECOGNITION OF THESE GROUPS 


To illustrate the general methods described in 
the pre\-ious chapter, several types of structures 
having reliable behavior have been chosen, and 
the factors which influenced the interpretation of 
them will be discussed. Special attention has 
been given to tho.se structures which exhibit more 
than one invariant band. 


Interpretation of Amides 

As the first structure, consider the amides. If 
the term “amide” is made to embrace all com- 

R' 


pounds of the type R—CO—N 


the term 


R 


n 


“amide group will be understood to be restricted 
to the —CO- -NH' gi'oup in the acyclic com¬ 
pounds of the type R—CO -NH- R/, in which 
R' involves no carbonyl adjacent to the amide 
group NH, and R involves no NH adjacent to 
the amide carbonyl. 

Amides naturally divide thems(*lves into three 

classes, both from the chemical standpoint and 

from their infrared ])rop(M*ties. Thesi* an* ( 1 ) tnu' 

amides R'=R“=H, {2) monosubstitult'd amidi^s 

(the amide group) R“=ll. JC | II. and {l\) di- 

substituted amides R“ =i II, R' ! II. 

All amides have a ww I)and at »‘).o 

% * 

G.2 p (with a few unusual exeuplmn- dui-ide of 

these limits) which it is ivasonablr li> .■i--ouia1e 

with the carbonvl vibration lucaiiM' nl inliMi- 

« 

sity and because it is ordinarilx' I lie .-Im'iIui \\;n'e- 


® In tile coursi' ()l tlir pi'mcillin Urnl- 

trtin and Um.siiiiisscii of I Im-S hell 1 Jevelopnu’iH (\unpanv, lOiuory- 
villo, C'jiliioniia. firs! pointed om( Ih.al this ^roup lias two liaiids 
associated with it in I h<- d«iid>le-i)on.l |•(‘^ion. 


length band characteristic of and common to all 
amides, which occurs in the double-bond region. 
This common feature of the spectrum unites the 
classes. It is the only feature of importance in 
the spectrum of the disubstituted amides. 

Unsubstituted amides have two to four sig¬ 
nificant bands added to this basic band. There 
are usually two bands at 3 p, caused by stretching 
of the NHo group. There is always a band of less 
intensity than the carbonyl group band in the 
double-bond region. This band occurs in the 
immediate vicinity of the carbonyl group band, is 
frequently poorly rCvSolved from it and may be 
found on either side of it. This weaker band 
seems likely to be caused by the NHo bending 
vibration, which is about the same intensity in 
primary amines. No proof of the asisignment is 
given, but a band is to be expected in this region 
from such a source. A fourth band, the signif¬ 
icance of whicli is important to the theory of the 
spectra of monosubstituted amides even though it 
is outside the double-bond region, is usually to be 
seen between the CHo and CH 3 bending vibra¬ 
tion bands at G.S p and 7.3 p. In the seven amides 

examined it lay between 7.05 m ft^^d 7.15 m with 

the exception of malonamide in which it was 
abs(u\t. It is believed that this arises from the 
N stretching vibration. This has been com- 
putial as falling near here by Rasmussen and 
Jhattain. 

Monosubstituted amides form a remarkable 
group of compounds on which a great amount of 
\\(u k was done owing to their importance in the 
USRD penicillin program. The compounds of 
this type have two bands of known soui'ce other 
than the carbonyl group. There is a band at 
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3.0-3.15/X for the NH-stretching vibration and a 
band at 6.4-6.6 m which is believed to be caused 
by the C—N stretching vibration. The three 
bands are very reliable in their positions and, as a 

set, are an excellent criterion for determining the 
presence of this group. 

The band at 6.5 /x is one of the few discovered 
violations of the rule that there is a one-to-one 
correspondence between double bonds and absorp¬ 
tion bands falling betweeen 5.4 ix and 6.8 /x. Ac¬ 
cordingly, much effort was devoted to explaining 
the origin of the band in the molecule. It was 
first established that the band is always present 

0 H 

in the spectrum when the group R—(C—N—)R' 
is present in the molecule, provided there are no 
cyclic connections by way of the R groups (as lac¬ 
tams) and provided the R groups have a carbon 
adjacent to the amide group. The second restric¬ 
tion can be liberalized somewhat because com¬ 
pounds have been examined in which R' was the 
piperidine ring attached to the amide group by 
Ae ring nitrogen without compromising the effect. 
Furthermore, some N-substituted urethanes ex¬ 
hibit both bands of the amide group. These last 
results are valuable to the theory since they indi¬ 
cate that the origin of the three absorptions is 
certainly resident in the amide group itself and 
not in its external linkages. 

Three explanations have been brought forward 
to account for the two bands of the amide group 
in the 6 n region. (For brevity these two bands 
^ ■ 1 /X and 6.5 g will often be referred to here¬ 

after as the Amide I and Amide II bands respec- 
ive y.) No one of them has been made to ex¬ 
plain all the known phenomena. Briefly the 
ypotheses are: (1) that the two bands arise sep- 

, coexistent forms of the amide, 

i-e., enol and keto forms; (2) that the 6.1,/i band 
arises from the carbonyl group and the 6.5 /x band 
trom the bending vibration of the NH group; 

( ) that the 6.1 /x band results from the carbonyl 
VI ration and the 6.5 /x band from the natural 
s racking vibration of the C—N group enhanced 
in bond strength by circumstances of geometry 

perhaps by sharing of the bond strength of 
the carbonyl. 

In support of the first h 3 ^othesis, a number ot 
arguments have been presented. In the first 


place, such an assumption would maintain a one- 
to-one relationship between double bonds and 
bands in the double-bond region as would be pre- 
feired. In the solid state, the two double-bond 
region bands appear to be independent of one 
another—i.e., in going from one compound to 
another, the relative changes in position and in¬ 
tensity vary without correlation. In the spectra 
of various compounds, these changes in relative 
intensity could be easily explained if varying pro¬ 
portions of the enol-keto forms were postulated 
Furthermore, the absence of the longer wave¬ 
length band m the spectra of lactams could be 
explained as readily. Probably the most impor¬ 
tant support for this assumption comes from the 
fact that the deuterization of N-ethyl acetamide 
and N-methyl benzamide apparently gives two 
bands near 4.0 n, which has not been readily ex¬ 
plained by any other hypothesis than this. Here 
It could be assigned to OD and ND stretching. 

The fact that an intermixture of keto-enol 
forms is required under this hypothesis provides 
one of the strongest arguments against this ex¬ 
planation of the two bands. If this assumption 
were correct, it would require the existence of an 
admixture of anisomorphic forms of a compound 
in one crystal lattice. It should, moreover, be 
possible to alter the proportion of these two forms. 
Experiments carried on with N-methylbenzamide 
apparently show that the observed phenomenon 
is monomolecular rather than bimolecular. Using 
the usual technique, N-methylbenzamide was de¬ 
posited upon a salt plate from acetic acid, water, 
chloroform, benzene, carbon tetrachloride, ace¬ 
tone, ethanol, methyl cellosolve, and pyridine, 
and the spectrum recorded. No change was ob¬ 
served, within experimental error, in either the 
position or intensity of the Amide I and Amide II 
bands, which appear in all cases, at 6.01 /x and 
6.43 /X, respectively. If the two bands had arisen 
from enol-keto forms, intermixed in the crystal, 
the band intensities would be expected to change’ 
as the various solvents used should have forced 
the compound to be crystallized in varying propor¬ 
tions of enol and keto configurations. Still another 
argument that has been advanced by Brattain and 
Rasmussen against this hypothesis is that the 
bands are not in the positions to be expected from 
a keto carbonyl or an enol C=N bond, but are at 
longer wavelengths. (The expected positions of 
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siu'h :\\v rlosor to those of unperturbed C=0 

•ind (’=N \ ibrations at about 0 . 7 - 5 . 8 // and 6.0- 
(i.l fx, rt'speetively.) In support of this latter 
argument, the speetruin of acetyl urethane may 
be cit('d. The compound appears to be completely 
enolized into the configuration 

OH 0 
N—C—OC 2 H 5 


CH—C 

and shows two strong bands in the double-bond 
region, one at 5.S() )U and the other at 6.20 g, the 
usual positions foi- bands arising from conjugated 
est(‘r carbonyl and conjugated C=N vibrations, 
resj)ecti\'(*ly. This indicates that the 6.50 g band 
is at much too long a wavelength to result from 
an unp(M’turbed C=N bond, and the same con¬ 
clusion would be valid for the band at 6 . 0 - 6.10 g 
with respect to an unperturbed C'=0 bond. 

The s('cond hypothesis is that the Amide I 
band is caused by a ( =0 stretching vibration 
and the Amide II band by an NH bending vibra¬ 
tion. Two major arguments have been presented 
in favor of this hypothesis. First, the longer 
wavelength Amide II band decreases in intensity 
upon deuterization, and, second, the changes in 
position of this band between .solid and solution 
in the few cases which have been examined agree 
(jualitatively with the changes to be expected 
upon releasing the N FI bond from an asso¬ 
ciated form 


H 


V 


N 


N. 


N. 


X 


to an unassociated form. 

Anude solution spectra recorded at the Uni¬ 
versity of Michigan did not show any a|)preciable 
shift to shorter wavelength for the Amide 1 band. 
The shift, was, however, found by tlu^ Sh(*ll lab¬ 
oratories, working with moic' dilut(‘ solutions. 

On the otluM* hand, this hypotlu'sis d()(\s not 
explain the abscmce of tlu‘ Amid(' II band from 
the spectra of the laetatn>. Abo it s('('n)s liighly 
improbable that the* band ^liould be present in 
the spectra of tlu* amides and ai)Mail, a^ in lael it 
is, in th(‘ sp(*(*ti’a <»t the seeondar\' aniine", if an 
NFI bending vibration is the Manet' of ilw Amide 

II l)and. 

The dvrvi ais(^ of th(‘ Amide II band in inlensit\’ 

« 

upon deuUaization is in accord with lhi> hypoth¬ 
esis. IIow(*\er, while ('xaminalion of the spc'ctra 


of deutei*o-N-methyl benzamide and deutero-N- 
ethvl acetamide does show a band in the vicinity * 

K 

( 8 -t)g) in which the ND bending vibration band 
would be expected, this band is far too weak to 
account for the loss of intensity in the Amide II 
band upon deuterization. The only new strong 
band appearing in the spectra of the deuterized 
compounds at longer wavelength than 6.4 g occurs 
at approximately 6.8 g in deutero-N-ethyl acet¬ 
amide and at 6.S3 fx in deutero-N-methyl benz¬ 
amide. These bands are at a longer wavelength 
than the original band by approximately a ratio 
of 1.04, which is the order of magnitude shift to 
be expected for a vibration involving motion of 
the nitrogen and hydrogen as a unit when deu¬ 
terium is substituted for the hydrogen. This 
result leads directly to the last hypothesis which 
seems likely to be the most valid of the three. 

In the third hypothesis, it is assumed that the 
two bands ari.se naturally from normal vibrations 
of the group: R CX) -NH—R/. The x-ray study 
of acetamide by Senti and Harker ^ indicated a 
bond length of 1.38 A for the C—N bond, much 
shorter than the usual covalent bond length, 
which is u.sually about 1.47 A. This indicates a 
bond strength between that of a covalent single 
bond and a normal double bond, probably giving 
rise to the strong absorption at 7.1 g, which ap¬ 
peals in the spectra of NH 2 amides, but not in 
the spectra of their monosubstituted derivatives. 
Calculations by Rasmussen and Brattain on acet¬ 
amide, using the bond strengths derived from the 
studies of Senti and Harker, predict normal vibra¬ 
tional fre(|uencies very close to those observed in 
the spectiaim, but of somewhat longer wave¬ 
length. F\)r example, the calculated value of the 

vibrational band found at 7.15 m 7.40 m- This 

would not necessarily indicate that the calcula¬ 
tions were incorrect, but more probably that the 
bond strengths were incorrectly estimated, being 
even stronger than the original estimates. The 
vibrational frequencies of N-methyl formamide 
wiue calculated using the same bond constants 
a> those given for acetamide by Sent! and Harker. 
The resulting frequencies for the two modes of 
vibiation which involve primarily the C=0 and 

‘ Work l>v :\ntl Srlioinlx'rK (JC/* 8, 520 tHH0)| on the 

sprftra ot ili'uU'ro-niuinos ami hydrazines indieatt\!i that the 
ratio M\ wavelenjjili between NO and NH bending vibrations is 

ol tlie order of inagnitvide of tlie \ 2. 

^J.AX\S. 62, 2008 UOtO). 
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C—N bonds are still essentially the same as for 
acetamide. This indicates that if bond strength 
changes are neglected, monosubstitution onto the 
nitrogen in amides has little effect on the amide 
group frequencies. 

As was mentioned before, the deuterization ex¬ 
periments closely coincide with the changes to be 
expected in the spectra with the greater mass of 
the deuterium atom substituted for the hydrogen 
on the nitrogen, the NH and ND group vibrating 
as a unit. This shift, observed in the spectra of 
deutero-N-ethyl acetamide and deutero-N-methyl 
benzamide, was of the same order of magnitude 
as that observed by Edsall and Scheinberg,® 
who found shifts in wavelength of the ratios 1.038 

and 1.024 for bands associated with the C_N 

bond of deutero-methyl amine and deutero-methyl 
amine hydrochloride, respectively. The explana¬ 
tion of the new band appearing in the spectra of 

the deutero compounds appears difficult to render 
on any basis other than this. 

It seems very possible that the weak band which 
appears at 8-9 n in the spectra of the deuterized 
amides results from ND bending vibrations and 
that the NH bending vibration band which cor¬ 
responds to it is a weak component of the 6.4- 
6.6 M band at all times. In fact, Sutherland ’ has 

reported resolving this 6.5 m band into two com¬ 
ponents in the case of N-ethyl acetamide. 

Further work will certainly be desirable on this 
point, especially in the light of the fact that no 
single hypothesis has yet been made to account 

u y for all known phenomena in the spectra of 
the amides. 

Recognition of Amides 

The ability to recognize amides is a rather 
valuable contribution of the infrared method 
since there are no very easy or satisfactory chemi- 
oa tests for this group. Success in recognizing 
IS group depends on the number of stable bands 
associated with it, the rather unusual position of 
some of these bands, and the relatively small 
c ance that another compound will have so many 
ands each of special origin. 

Disubstituted amides have only one absorption 
and, arising from the carbonyl group. It is 
erefore quite diflScult to do more than include 

' nffi Scheinberg, op. cit, p. 524. 

cial report, Committee for Penicillin Synthesis. 
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this group as an alternative structural possibility 
when there is a band occurring at 6.0-6.1 m with 
no other bands in the spectrum which could alter 
Its significance. Some aid may be had from the 
fact that a band caused by this type of carbonyl 
group IS always strong and quite broad. 

If there are bands at 3.0-3.15 m, 6.0-6.2 m and 

6.4 6.6 M, a good first assumption is that an amide 

group IS present. Further confirmation of this 

may be had by deuterizing the compound by ex- 

change with heavy water or alcohol, when the 3 u 

band will shift to 4 m and the 6.5 m band will shift 
to 6.8 M- 

For NHa amides, the duplex nature of the 3 m 
band and of the band between 6.0 m and 6.2 m 
( with one member always of about one-half to one- 
third the intensity of the other) when found to¬ 
gether with a fifth band at 7.05-7.15 m should go 
a long way to establish their nature. Further 
tests can be made by deuterization, when all of 
these bands except the strong 6.0-6.2 m band 
should undergo shifts of varying degree. 

Recognition of Amido Acids 

A compound containing both an amide and an 
acid group will be described as an amido acid. It 
IS found that the absorptions corresponding to 
the two groups are usually in their normal posi¬ 
tions. A number of peculiarities make it possible 
however, to identify compounds of this type with 
some certainty and even, to a degree, to deter¬ 
mine the relative positions of the two groups in 
the molecule. 

Amido acids can be established by comparison 
of the spectra of acid, ester and salt. In most of 
the cases studied, the Amide I band of these de¬ 
rivatives was found to be shifted to shorter wave¬ 
length with respect to its position in the acid. In 
those compounds whose methyl esters were solids, 
the characteristic bands fall in groups having very 

narrow limits: 3.05-3.10 m, 5.75-5.80 m, 6.09- 
6.12 m, 6.41-6.46 m- Liquid methyl esters’show a 

shift of the first three bands to shorter, and the 
last band to longer, wavelength. Solid ethyl 
esters seem to possess the same attributes as 
liquid methyl esters, since the same effects are 
found in both groups. 

Alpha-amido acids may be recognized, after 
the general identification has been made, by 
means of the location of the Amide I band in the 



14 


INFRARKD DETERMINATION OF ORGANIC STRUCTURES 


spc^rtruni. For all atads studicHl, thi> hand 
was found to lie on the lon»: wavelength side of 
(i.lS^ only in the speadra of alpha substituted 
acids. Tlu* hands of acids substituted on another 
caihon w(‘re all fouiul to lie on tlie short wave¬ 
length side of this value. In like manner the 
acid hands of alfiha acids all occur on the short 
wavelength side of 5.90 with all others on the 
long wavelength side. 

Two or more broad ahsoi’ptions which may or 
may not he specific to the amido acids aie ob- 
serv^ed between 4 tx and 5 m* lh(‘ir origin is un¬ 
known. Amido acids are the only compounds of 
established structure in which they have been 
observed so far. A somewhat similar set of dif¬ 
ferent contour occurs in the amino acids, however. 

Interpretation of Ring Type Dtacylitntdes 

The class herein called cyclic diacylimides com¬ 
prises compounds possessing the group 

—c:0—NH—CO— 

without apparent restriction on the rest of the 
molecule. Included among the compounds of 
this type which show common properties in the 
infrared are succiniinide, the hydantoins, thiohy- 
dantoins, uracils, thiouracils, dihydrouracils, 
purines, etc. The comparatively high melting 
points of all these compounds might lead one to 
suppose that the absorption spectrum of the com¬ 
pound in the crystalline state would not be that 
of the molecule it.self but would be related in some 
general way to the crystal structure. Actually, 
in all the cases which have been exaininecb solu¬ 
tion and solid spectra of these compounds have 
checked within very close limits. The correlation 
of bands to structure, while not as good as in the 
case of the amides, is still better than would be 
expected if there were strong interactions involv¬ 
ing the molecular groups taking ])art in tlu* char¬ 
acteristic absorptions. 

In the simple diacyliniid(\^ like* tlu* hydantoins 
and succiniinide, two bands are* found, om* lu*- 
tween 5.5 g and 5.S g and the oth(*r lu'twt'eai .‘».S5 ^ 
and G.OO g. Since*, wIh'u a sulfur alnm u>e‘d to 
r(*place the e)xyge‘n in the* 2 peisition. I hr ;d)-'or{)- 
tion at abeuit 5.7 ju re*mains in tlu* sunu' range* ed’ 
wavelengths, it lias l)eu'n a.'Soe*iate*d witli the* e'ar- 
bonyl bond in the* 4 jiosition anel has tlu*refe)re 
be‘en ternu'd the* I positie)n e*arbe)nyl banel. It is 


certainly a carbonyl group band from its position, 
alone. 
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That there is no bonding between the NH groups 
and carbonyl groups is shown again by the in¬ 
significant effects on the spectrum when these 
hydrogen atoms are replaced by methyl groups, as 
in 3-methyl hydantoin, or when the NH at the 
one position is replaced by CHo as in succinimide. 

In the interpretation of the band falling at 
about 5.9 M, as far as position alone is concerned, 
it would be possible for the molecule to enolize 
with the 1 position NH to give a C=N in the 
ring. That this is probably not the case and that 
this band is a carbonyl group band as well is 
shown by the spectrum of N-(n-amyl)-succini- 
mide which has both bands as described. This 
absorption has therefore been termed the 2 posi¬ 
tion carbonvl band. 

« 

Recognition of Ring Type Dtacylnnides 

There is a large overlapping between the loca¬ 
tion of the ordinary 4 position carbonyl band and 
the band of the average ester carbonyl, even 
though in a good part of the diacylimides the 
band is at a shorter wavelength than is common 
among ester group bands. These groups are thus 
difficult to distinguish from each other on the 
basis of this band alone. The ester group band 
range is rather sharply terminated at 5.7 g, and 
hence any bands from there down to 5.6 m have 
some likelihood to be 4 position carbonyl bands. 
If a band occurs between 5.7 y and 5.8 p the I'ela- 
ti\’e rarity of compounds of this type would make 
tlu* (*ster group the most logical possibility. 
l'nd(*r tliese circumstances, the cyclic diacylimide 
should be borne in mind as an alternative struc- 
tuK* group, but the matter can usually be easily 
tlecided on the otlier chemical and physical evi- 
d(*nce such as melting point. 

If an absorption band is present within each of 
tlu* 2 and 4 position carbonyl group band ranges, 
and tlu* one in the 4 position carbonyl band range 
falls at a wavelength shorter than 5.7 thei'e is 
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more certainty of the identification. The band in 
the 2 position carbonyl band range otherwise adds 
very little assurance, since so many groups can 
have bands in the vicinity of 5.9 m- 

Because the double-bond bands are not affected 
by the NH groups, deuterization will add no 
knowledge from the double bond alone. It may 
be that other bands, not in the double-bond 

region, will be found sensitive to deuterization in 
a useful fashion. 

Since compounds of this type are comparatively 

rare, the principal function of the analyst here is 

to verify the nature of a suspected compound, and 

recognition degenerates into a statement that the 

spectrum is or is not in accord with what was 
expected. 

Interpretation of Add Spectra 

No great effort was made to establish the extent 

to which the phenomenon of association governs 

the position of the acid carbonyl group absorption. 

n the few cases which were examined the shift 

from solution to solid was about .05 p. While 

dimerization has been employed to advantage in 

explaining the spectra of the simpler acids (formic 

and acetih), it seems likely that as the molecule 

increases in complexity the monomeric form is the 
usual one. 

Three varieties have been recognized among the 
carboxylic acids: ( 1 ) ordinary and thio carboxylic 
aci s, ( 2 ) amino acid hydrochlorides, ( 3 ) amino 
aci s. The last cannot properly be considered as 
aci s since they always show bands caused by 
carboxylate ion groups, and hence should be dis¬ 
cussed among the salts. 

* lii^) acids are alike in 

aving two bands corresponding to the acid 

group, if there are no basic centers elsewhere in 
e molecule. One of these bands they have in 
co^on. This falls between 5.77 p and 5.93 p 
an comes from the carbonyl vibration. The 
y roxyl acids have a second strong, poorly de- 
c , almost general absorption in the 3.0 /i re¬ 
gion, while the sulfhydryl acids have this cor¬ 
responding absorption in the normal SH region at 
M- These absorptions are complex and are a 
result of stretching vibrations for OH and SH 
respectively in the associated state. Solid hy- 
oxyl acids occasionally have an absorption at 

around 3.9 p. 


Amino acid hydrochlorides have a complex 
spectrum involving five distinct bands in the most 
general case. (Amino acid hydrochlorides will be 
understood to mean the hydrochlorides of any 
compounds which simultaneously contain NH or 
NH 2 and a carboxyl group. No other limiting or 
discriminating factors have been found so far. 
Even such compounds as thiazolidine 4 -car- 
boxylic acid, and the amino benzoic acids appear 
to be included.) A beginning has been made at 
interpreting the spectrum, but a number of ap¬ 
parent exceptions exist. First, a most peculiar 
feature is the acid carbonyl group band which is 
released from the carboxylate ion state as found 
in the amino acids, and takes the extreme posi¬ 
tion of 5.7-5.8 p, completely overlapping that of 
the ester group. Second, there is an almost con¬ 
tinuous series of moderately strong bands extend¬ 
ing from 3.3-4.0 p. This is the region in which 
hydrochlorides always have absorptions, but part 
of the absorptions are probably caused by the 
NH 3 + group. Third, there is usually a band at 
about 5p of which no interpretation has been 
made, but which is absent in the spectra of NH 2 + 
hydrochlorides such as sarcosine hydrochloride. 
Fourth, there is an absorption caused by what 
may be an NH 3 + bending at about 6.25 m in nearly 
all of these compounds. Fifth, there is a strong 
absorption at about 6.7 p (called the Amino Acid 
HCl II band) in all those examined except sarco- 
sme, proline and N-phenyl glycine hydrochloride, 
the NH 2 '*' type of compounds. 

Deuterization experiments would be very de¬ 
sirable to assist in unraveling these bands, but as 
yet none have been attempted. Bands in the 
vicinity 6.4r-6.8p are always very interesting 
since this is not a very densely populated region. 

All the cases which were noticed seemed likely to 
be some form of single-bond carbon nitrogen¬ 
stretching vibration of increased bond strength. 

It will be instructive to see how far this holds true 
as more certain interpretations are made. 

Recognition of Acids 

Recognition of the free carboxylic acid is not an 
especially important function of the infrared spec- 
troscopist since he competes at a disadvantage 
with a piece of litmus paper. Usually it will 
already be known to be present, and it is only 
necessary to fix on the correct band for this group 
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Miul limit the discussion to the hnlance of the 
sixH'trum. It is connnvahle tliat the presence of 
;i hvdrocldoride group might mask the presence 
of a carl>oxyl in the same molecule from some of 
the more ek'inentary tests, hut on the whole the 
standard nudhods of identifying ionic groups like 

th('s<‘ leav<‘s little to lie desired. 

Acid group bands may be confused in the infra¬ 
red with those arising from ketones, aldehydes, 
lactams, ring amides like the diacylimides, thiol- 
esters, and a great variety of miscellaneous mo¬ 
lecular groups. It is therefore of great advantage 
to eliminate them by the chemical tests. The 
greatest difhculty in interpreting several bands, 
all in this region, would arise from the possibility 
of having a polybasic acid in which the chemical 
investigation had as yet only discovered one acid 
group. 

In summary, with a compound which has a 
band between 5.8 g and 5.!) g and a complemen¬ 
tary band at 3.0 g, one interpretation of the many 
possible is that an acid is present, and the inter¬ 
pretation can be speedily checked by reference to 
chemical evidence. 

Since the amino acid hydrochloride carbonyl 
group bands overlap those of the ester group they 
could l)c considered as alternative structural pos¬ 
sibilities were it not for the other bands which are 
generally found at the same time. Thus, it is 
necessary to have a complex absorption from 3-4 g 
and a moderately strong absorption at about 0.2 g 
in every case, and, in addition, bands at 5 and 
6.7 g if un NH 2 amine is present. Taking in con¬ 
sideration the chemical tests for acidity of the 
compound will nearly always dispose of the 
difficulty. 

The Interpretation of Amino Acid S>pcctrn 

The amino acid spectra are characterized by a 
series of low-intensity l)ands lying in tlu^ r(*gion 
from 3.45 g to approxiitiatc'ly 4.0 g, and by a band 
that has nearly 20% ab.-cu ])! ion and which li(‘s in 
the region 4.25 g to 5.00 g. Ncitlu'r N-i>ii('nyl- 

glycine nor sareosiiu' sliows any tr ice ot the bauds 

in the 3.45g-4.00g r(‘gii)n .''hown i)y ihi^ other 
amino acids. N-plumylglyeiiu' .-hows a broad, 
shallow absorption extending from l.'JCt l.()2g. 
and a broatl barid w ilh maximum at l.'.tO g. Sar- 
cosinc shows a band at 4.08 g and no tra(*e of tlu' 
longer wavelengt h band. 


All NH 2 amino acids have some regularity in 
their absorptions in the double-bond region. 
There are three of these absorptions, the strong¬ 
est being that correlated with the vibration of the 
carboxylate ion. This band appears within the 
limits 6.21 g (a-amino-a-methylbutyric acid) and 
6.38 g (i3-alanine and a-amino-n-caproic acid). 
The second of these bands (for brevity referred to 
as Amino Acid I) is definitely weaker than the ion 
group band and occurs at shorter wavelength, 
between the limits 6.11 g (a-aminoisobutyric acid) 
and 6.21 g (d-isoleucin). It appears only as part 
of the structure of the 6.21 g band of a-amino- 
a-methylbutyric acid. In the spectra of a-amino- 
n-valeric acid and a-amino-n-caproic acid, this 
shorter wavelength band appears as part of a 
general absorption extending from 6.03 g to the 
ion group band at 6.32 g. There is an extra 6.06 g 
band in the spectra of )3-alanine and e-amino-n- 
caproic acid. The third band (which will be called 
Amino Acid II) appears in the spectra of all the 
NH 2 amino acids examined, at a wavelength longer 
than that of the ion group band, its position being 
within the limits 6.47 g (a-aminoisobutyric acid) 
and 6.66 g (/3-alanine and dl-/3-phenylalanine). The 
intensity of this long wavelength balid varies 
greatly from compound to compound. 

Recoijnition of Phenyl Rings, and Conjugated Ring 
Structures in General 

If the phenyl group represents more than a 
tenth of the size of a molecule (in massive ele¬ 
ments) it will usually be comparatively easy to 
establish its presence from the three absorptions 
which it proiluces. These are the CH stretching 
vibration baiul, at 3.25-3.30 g, and ring vibration 
l)ands at ti.18-6.23 g and 6.67-6.72 g. These are 
sharp bands, strong in proportion as the molarity 
of \\\o phenyl group increases, and very stable in 
j)osition. They are often lost on the sides of 
stronger bands and must be looked for carefully. 

W henever the phenyl ring is conjugated in any 
fashion a nvw ring vibration of about the same 
inicnsity is made active, and its absorption will be 
found at 6.30-6.33 g in spectra such as beuzamide, 
iHm/oic aciil, diphenyl, benzal derivatives, etc. 
Tlio presence of all four of these bands may be 
taken as a sure indication of the presence of a 
]dienyl ring conjugated to some other double bond 
in the molecule. 
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While no similar uses were made of the bands 
of other ring structures, it seems certain that 
examination of large enough groups of derivatives 
of naphthalene, pyridine or thiophene, for exam¬ 
ple, would yield similar characteristic bands for 
the recognition of these structures. Napthalyl 
derivatives are of sufficient use in dye chemistry 
to justify such work, but most of the other struc¬ 
tures will never find more than specialized appli¬ 
cation and the investigation can be made at the 
time. 
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acid, acetic anhydride, malonamide, diacetyl urea, 

symmetrical diethyl urea, succinic acid, and many 
others. 


C—C 
OH '^0 

oxalic acid 


(/ 
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Groups Which Must Be Recognized from a Single 
Ahsorption 

There is very little to add to the statements of 
Chapter I in regard to this subject. All that can 
be done is to make a tabulation of possible struc¬ 
ture groups and eliminate the unlikely ones on a 
basis of additional chemical or physical evidence. 
The compounds which fall in this set at present 
are esters, salts, acid halides, thiolesters, disub- 
stituted amides, lactones, ketones, and uncon¬ 
jugated C=N and C=C compounds. 

One reason that these compounds are consid¬ 
ered to have only a single characteristic absorp¬ 
tion is that not enough work has been done on 
them to recognize other absorptions. This is cer- 
tamly the case with the C=N and C=C groups. 
Each worker must extend the portion of the field 
in which he is most interested.* Esters always 
ave a strong C 0—C group absorption at about 
M) ut there is no secure way to recognize it as 
yet m complex absorption patterns. Acid chlo- 
n es must have a strong, long wavelength C—Cl 
a sorption. In neither of the last two examples 
as any effort been made to establish a range in 
w ich the absorption caused by the vibration is to 

^ 1 were done, a band in this region 

eou be called upon as necessary evidence to sub- 

s antiate assumptions made from the lone double¬ 
band absorptions. 
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A rule which succeeds in some cases, at least, 

seems to be that one band will be found at or near 

the established site for the band caused by a bond 

of the particular kind present singly in a non- 

symmetrical molecule, and a second will be found 
at longer wavelength. 

The question of how far apart the similar groups 
must be before the symmetry is destroyed arises. 
In the case of dibasic acids of the series oxalic, 
malonic, succinic, glutaric, the symmetry is al¬ 
most completely gone apparently when glutaric is 

reached and the two acid group absorptions 
coincide. 

It will be nearly impossible to recognize a com¬ 
pound like malonamide by any of the rules dis¬ 
cussed for amides. Hence, it seems likely that 
simple symmetrical molecules must be thrown 
into a special class and recognized by direct com¬ 
parison between unknown and standard spectra. 

To recapitulate: If a given group is repeated 
in a molecule and no interactions and symmetries 
are involved, the characteristic absorptions may 
be indistinguishable from those of a single group. 

If the two groups occur symmetrically placed, it 
will be necessary to recognize the cases individu¬ 
ally without much assistance from the methods of 
structural analysis. 


Symmetrical Molecules and the Repetition of Struc¬ 
ture Groups in One Molecule 

, empirical rules which have been developed 
us far seem to be incapable of explaining the 
e avior of sjonmetrical molecules such as oxalic 

group of papers illustrating the study of long wave- 
aPDear H ?°*^P*^*°** bands associated with the C=C group has 
(1946) ^ Transactions of the Faraday Society, 41, 197-295 


Conjugation Effects 

When more than two double-bond groups are 
present in a compound, a number of curious 
effects may take place, none of which is clearly 
understood. If double bonds are widely sep¬ 
arated in the molecule, they do not interact in 
most cases. Occasionally, an accidental super¬ 
position occurs which would not have been antic¬ 
ipated normally, and two bands are not resolved 
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whvw two are known to exist. Wliether or not 
interaetion has promoted this effect is iinceitain. 

WIh'ii two doul)l(‘ bonds are separated by a 
sinjik^ bond, the bonds are saul to be conjugated, 
and a known ^roup of chemical phenomena is 
associated with this situation, particularly elec¬ 
tronic absorptions in the ultraviolet. It has long 
b(‘(‘n known to infrared spectroscopists that the 
presenc(‘ of conjugation is accomiianied by a shift 
from normal position for the bands of both bonds 
involved. This shift is from .I-.5 g and is always 
toward longer wavelengths. It is believed that 
the bond strength of the intermediate single bond 
is increas('d at the expense of the two double 
bonds, but no proof of this is available. 

This shift effect applies to all the cases of con¬ 
jugation examined except that between two car¬ 
bonyl groups. Thus biacetyl, methyl pyruvate, 
and diethyl oxalate show no sign of conjugation, 
but only a single band at about 5.75 g. 

.\ third case is found in compounds like the 
ketones, in which two double bonds are adjacent. 
Here a new band is introduced at very short wave¬ 
lengths, whose indicated bond strength corre¬ 
sponds to that of a triple bond, about 4.75 g. 

Conjugation must always be considered as a 
possibility whenever more than one band is ob¬ 
served in the double-bond region. Since it always 
produces shifts to longer wavelength, bands shorter 
than 5.8 g usually can be left out of consideration. 
The intensity and shape of the bands involved 
must be used as a criterion if no other evidence 
is available. The ultraviolet absorption spectrum 
is, of course, a very valuable tool in this case. 


Groups of Multiple Sit/uijicuuce 

It is possible for a double bond to be placet! in 
a molecule in such a fashion that it could partake 


of two structural interpretations. For example, 
in the compound ethyl chlorocarbonate 

O 

C2H,^0—C—Cl, 

the carbonyl group may be regarded both as an 
ester and as an acid chloride carbonyl. Oi in the 
compounds of the urethane series: urethane 

O 

C2H,—O—C—NH2, 

o 

methyl urethane C2H.r, —O— C—NH—CH3, etc., 
the carbonyl can be regarded as an ester and an 
amide at the same time. Satisfyingly enough, the 
result in the infrared is that the carbonyl group 
band falls .somewhere between the band positions 
which would be anticipated for either of the two 
groups. Thus the ester-acid chloride group band 
is at 5.()() g, an ester group band being expected 
at about 5.75 g and an acid chloride group band 
at about 5.5 g. Likewise in the urethanes, the 
carbonyl group band falls at about 5.85 g, mid¬ 
way between 5.75 g (ester group band) and 0.0- 
0.2 g (amide I band). 

Hus desirable result plays havoc with the nice¬ 
ness of interpretations, however, and must be 
added to the effects of conjugation and symmetry 
as a source of difficulty in recognition of structui'e 
groups. The rarity of the phenomenon can largely 
be called into play to offset the handicap it im¬ 
poses. Nevertheless, it must be borne in mind, 
and serves as another opening for imagination in 
the infrared. 


Chapter III 


A CATALOGUE OF EMPIRICAL STRUCTURAL ASSIGNMENT FOR THE 

double-bond REGION 


Introduction 

The purpose of this chapter and the succeeding 
one is to organize in a fashion which has proved 
helpful in structural investigations certain empir¬ 
ical and theoretical assignments which have been 
made. This chapter will comprise a tabulation of 
the empirical assignments in the double-bond re- 
gion arranged according to wavelength. Using 
his kind of tabulation, the investigator may form 
some conclusions about the nature of unusual as 
well as usual structures which will give absorp- 
lons at a particular point, and the wavelength 
range in which a given absorption will be found, 
^receding the complete wavelength tabulation 
Uable 2) is a short summary table (Table 1) 
w ic gives a resume of the ranges over which 

observed to absorb in 
on ■ region. The chart given opposite 

page 20 IS more graphic than Table 1 in summariz- 
g sj^ctroscopic information in the region from 

Assignment Terminology and Symbolism 

Before describing in detail the symbols to be 

^ tables, some explanation will be 

On ^ ^ terms used in referring to assignments, 

bp/ ^ k manifestations of the cleavage 

^ ^ methods of structural analysis as em- 

K more rigorous interpretations 

thp f y the methods of band spectra theory is in 

the This arises from the desire of 

reti locahze vibrations which the theo- 

cia/n prefers to regard as asso- 

The pneral modes of molecular vibration, 

the d‘ spectroscopist is concerned with 

relaf change of electric moment 

rotat '^^ direction of the principal axis of 

ion in the molecule. In this sense, all vibra¬ 


tions are regarded as including motions of every 
atom m the molecule. The structural analyst 
being interested in identifying local structures in 
he molecule, tries to assign vibrations directly to 
such structures on the assumption that a particu¬ 
lar structure contributes principally to each vi¬ 
bration. From this viewpoint, all vibrations are 
reprded as motions along or across the bonds 
joining the atoms and are spoken of as “stretch¬ 
ing” and “bending” vibrations, respectively. As 

has been indicated before, this attitude is of fairly 
limited accuracy. 

Most of the interpretative symbols used in 
Tables 1 and 2 are obvious from the discussion in 
the preceding chapters. However, some of the 
assignment symbols need brief comment. Sym- 
bols preceded by a “5” refer to bending vibra¬ 
tions; all other symbols refer to stretching vibra¬ 
tions. 5HOH and 5NH3+ represent hydrogen 
/ibrations of the hydrate group and the charged 
ammonia group respectively. “N-acyl C=0” 
refers to an amide carbonyl vibration, usually a 
disubstituted amide. “Anilino” refers to a vibra¬ 
tion similar in origin to that of this frequency 
found in substituted anilines—possibly an en¬ 
hanced phenyl ring vibration. “4 C=0” and 
“2 C=0” refer to vibrations of the 4 position and 
2 position (urea) carbonyl groups respectively in 
cyclic diacylimides. “Carboxylate ion” refers to 
stretching vibrations in the group RCOg ~ whereas 
“thioureide ion” is believed to be an enhanced 

single bond C”'"—N vibration in the thioureides 
(cf. Chapter I). 

In addition to the rather specific interpreta¬ 
tions above, in a number of instances it has been 
found that a group of bands in the 6 m region will 
be characteristic of certain types of compounds, 
although the particular mode of vibration respon- 


VREI) determination OF ORGANIC STRUCTURES 

, . . , Wavelength 

>ihle for tlio l);m(ls has not as yet lieen cletennitied. Range, 

In such cases these hands are listecl and indicate Assignment microns 

as, for example', ' iHmzothiazole I” and i . 6.12-6.37 

thiazole 11 ”; "amino acid 1" and “ammo acid II, ' 6.12-6.19 

etc. WlH'i. particular mode's of vibration can be . I . 6.13-6.37 

sc'curelv assigned to some of the doublc'-boncl ion. 6.16-6..38 

bands in a particular spectrum, but the .sources of ^ 6.20-6.26 

other of the bands in this region are not under¬ 
stood, the latter absorptions will be listed with J Amino acid hydrohalide I. 6.21-6.29 

the intc'ipretation “unassigned. .. c on_r o- 

Excludc'd from the catalogue of wavelengths J Conjugatc'd phenyl. Jailer? 

(Table 2) are bands of the phenyl group. These { Benzthiazole I. Iroo 

bands will alwa.vs occur at approximately 6.20- ... / ; o'.SO-h'.h^ 

6.2.0 M and ().().')-6.7() g when .such a group is pres- T Ainide ii. 

ent. An additional band alwa.vs occurs at 6.30- + Amino acid II. 6.47-6.67 

6..3.') M when there is a conjugated phenyl group in ^ n. 6.50-6.70 

the molecule. The catalogue has been ended, Anilino. 6.32-6.67 

except for a few .special instances, at 6.8.5 g, the | pi„.„yl II. 6.65-6.70 

location of the intense band arising from the CH lOc'utc'rized amide II. 6.80-6.90 

bending vibrations of paraffin oil. • W tiiU- the anhydride hands ransje widely, they neverthele.ss 

roiimin iilxmt 0.2 microns apart. 

Takif 1 WAVKLKXCiTH Ra.VOKS FOU IXFIiAKKD j One nf two eharaeleri.stie hands in this repon. 

i>i t Oru* of three characteristic bands in this region. 

Absorption I^ands Asskinko to I)ih*krknt 

Vibrational Confkjurations ^ i ■ j n t i 7\ 

Explanation of the Assignment Cafatogne {Table 2) 

Warelrngth , . i i.i r i 

The first cohinin »:ives the \vavclenj>:th of each 

Asmgnment microns absorption in microns. The next column contains 

■ r. 7 = the corresponding frequencies in reciprocal centi- 

t^n meters or wave numbers. Column 3 records the 

r: r I intensity of each absorption band, ^ince only the 

n Anhv.'lri('lcV=().• ' ■ ' 5'. (i 1-5'. 1)3 strong btmds tire listed in this catalogue, the desig- 

t Diaevlimide 4 C=0. 5.62-5.82 nations “w,” “m,” and “s” cannot be equated too 

liteiiillv to the u.sual understanding of the words 

PsterC=0 .5.68-5.81 “"eak.” “medium,” and “strong.” Actually, 

. • I 1 V 1 iVu r ri (i<) 'i 80 “s” bands are of the same order of intensity as 

t Ammo acid hvdrohalide t =tl. .).i),) .j.ku ^ << >» 

Aci(l(=0 5.70-5.92 fbe strongest band in the entire spectrum; m 

Aidclivdc ('=() 5.78-5.88 bands are about one-third to two-thirds as intense 

Conjugated ester {'=0. 5.78-5.92 as the strongest band; and “w” bands are about 

one-ipiarter to one-third as intense. 

K(>to C=0 5.81-5.99 Column 4 records the interpretation of the 

,p!int estor and’ amidr group' (V ' 5;81-5’99 particular structural group involved and the local- 

N-acvl C=() 5-8'2 6.13 ized vibration giving rise to the absorption band. 

t Diacylimidr 2 c () . 5.81 6.04 The fifth column gives the name of the compound 

('onjugaic.l a. id < ■ >». 5.,89 6.02 producing the absorption and the sixth column 

indicates by “S” or “L” whether the compound 
(• X .5.89 6.00 "as in a solid or liquid state when the spectrvim 

t Amide 1 ( UMidi gimip ( (I>. ,-. 99 6.25 was measured. The la.st column tabulates the 

( (, Dj 0.11 reference number for the spectrum of this oom- 

o.os 6.25 pound to be found among the half-tone i-eproduc- 
X Amii... .irid I „\ I Ij ). ... 6.11 6. 14 tions at the end of the book. 
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Assignment 


Name of Compound 


State 


Spectrum 
Page No. 


4.81 

4.86 

5.36 

5.48 


5.62 

5.63 

5.65 

5.66 


2079 

2058 

1865 

1824 


5.49 1821 

5.50 1818 

5.52 1812 

5.54 1805 

5.60 1785 

5.61 1782 


1779 

1776 

1770 

1767 


5.69 1757 


5.71 1754 


m 


5.68 1761 m 


5.70 1754 m 


m 


C=N 

C=N 

anhydride C=0 
lactone C=0 

lactone C=0 
lactone C=0 
anhydride C=0 
C=0 

lactone C=0 
lactone C=0 
acid halide C=0 
acid halide C=0 
acid halide C=0 
joint ester-acid halide C=0 
anhydride C=0 
acid halide C=0 (conju¬ 
gated) 


4C=0 
4 C=0 
4C=0 
4 C=0 
4C=0 
4 C=0 
unassigned 
ester C=0 
C=0 lactam 

di ester C=0 
acid C=0 ' 
4 C=0 

4 C=0 


ester 


ester C=0 
4 C=0 
ester C=0 
ester C=0 
acid C ~0 
4 C=0 
ester C=0 

ester C=0 


ammonium thiocyanate 
guanidine thiocyanate 
succinic anhydride 

2-pheny 1-4- (p-methoxy benzyl) -oxa- 
zolone-5 

2 -phenyl- 4 -isopropyl-oxazolone -5 

2-benzyl-4,4-diethyI oxazolone-5 
acetic anhydride 

2 -phenyl- 4 -isopropylideneoxazolone -5 

2 -phenyl- 4 -isobutjd-oxazolone -5 

2-phenjd-4-benzyl-oxazolone-5 

I acetyl chloride 
acetyl bromide 
phenacetyl chloride 
ethyl chlorocarbonate 
succinic anhydride 
benzoyl chloride 

allantoin 
hydantoin 
succinimide 
5,6-dihydrouracil 

N-(n-amyl)-succinimide 

1-methylhydantoin 

uracil 

ethyl trichloroacetate 
a-methyI-^-phenyl-/J-anilino propionic 

lactam 

di-ethyloxalate 
sarcosine hydrochloride 

l-phenacetyl-2-thio-5,5-dimethyl- 

hydantoin 

l-phenacetyl-5 (N-benzylacetamido- 
methyl)-2-thiohydantoin 
2-benzyl-4-carbethoxyimidazoline-l- 

acetic acid ethyl ester 

monoethylphenacetamidomalonate 

l-acetyl- 2 -thiohydantoin 

ethyl hippurate 

N-phenacetylsarcosine methyl ester 

N-phenacetyl-N-phenylglycine 

barbituric acid 

N-phenacetyl-N-phenylglycine methyl 

ester 

Q!-phenacetaniido-/3-/3-dimethoxypro- 

pionic acid methyl ester 


S 

S 

L 

S 

S 

s 

L 

L 

I. 

L 

S 

L 

S 

S 

s 

s 

L 

s 

s 

L 

Sol. in 

CHCI3 

S 

s 

s 


Sol. in 

CHCI3 

S 

s 

s 

L 

s 

s 

L 


187 

186 

163 

162 


162 

161 

1()3 

161 

162 

161 

124 

124 

125 
107 
163 
124 

174 

173 

171 
179 

172 

174 
179 
107 
163 

110 

228 

174 

175 

218 

130 

177 

135 

156 

155 

181 

155 

128 
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Assiiininent 


Name of C'ompound 


State 


Spectrum 
Page No. 


0.71 1754 


5.72 1748 


5 .73 1 f *t5 


5.74 1742 


5.75 1739 


acid C=() 

ester (=0 
ester C'=0 

(»ster ('=0 

<'ster C'=0 
acid C’=0 
acid (=0 
4 (’=() 

est(M- ('=0 

4 ( =() 

estcM’ ('=() 
anhydride C 
acid V = i ) 


keto ( = 
ester ('= 

C=() 

ester ('= 
acid C= 
ester V 
ester (' 


acid ('= 
acid ( = 
ester C' 


O I 

=0f 

=0 

o 

=0 

=0 

=0 

=0 

=0 


4 C'=0 
4 C=0 

ester C'=0 
ester C’=0 
acid ( =0 
/j-lactam (' 

<*ster ('=() 
(*ste)’ (' --O 

(’Sler ( ’- t ) 
e.-1 1 ’l’ ( ' O 
I acl.i f t) 
e.-l cr ( ' - U 

kr|..(' t) 


5.70 ; I73t. 


C'Id)' ^ ' 
nu )lrl \ 


>trlC () 


t ) UA'clic) 

() ^unconjugaled 


f//-a-amiiio-a-methylt)utyric acid hydro- 

chloride 

methyl carbonate 

N-acetylthiazolidine-4-carboxylic acid 

methyl ester 

2 - benzyl-4-carl)etho\yimitlazole-l- 

acetic acid ethyl ester 

methyl a-phenacetamido-n-caproate 

d/-alanine hydrochloride 
hippuric acid 

5-methyl-2-thi<>hydantoin 

butvl acetate 

3 - methylhydantoin 
ethyl pheiiaceturate 
acetic anhydride 

2,2-dimethylthiazolidine-4-carboxylic 

acid hydrochloride 

I methyl pyruvate 

phenacetylurethane 

diethyl thiophenacetamido malonate 

pyruvic acid 

methyl phenaceturate 
methyl-2-benzylthiazoline-A “-4-car- 

boxy late 

a-aminoisobutyric acid hytlrochloride 
d/-a-amino-n-valeric acid hydrochloride 
N-acetylthiazolidine-4-carboxylic. acid 

methyl ester 

l-benzoyl-2-thiohydantoin 
l-benzyl-5d)-dihydro-2-thiouracil 
/-N-phenacetylproline methyl ester 

actd vlcludine bromide 
% 

plumacetamidomalonic acid 
a-met liyl-d-phenyl-/^-anilino propionic 
lactam 

ethyl e-ullylpheuaceturate 
d/-N-])lH'nact4ylvuline methyl ester 
mrtii\! n-phenacetanxidoisobutyrate 
I nioili\l r-ben/ainidocaproate 
; ev-h ine hvilrocliloride 

I • 

I elh> l acelate 
cyclopi'iitanone 

1 I A ‘ pyra/,oline-3,4-dicarboxylic acid 
ilinu'thvl ester 

N-phoiuu'ctyl-d-alaninc methyl ester 


L 

Sol. in 

CHCI3 

S 

L 

S 

S 

s 

L 

S 

s 

L 

S 


s 

s 

L 

s 

L 


S 

L 

S 

L 

S 

L 

L 

S 


226 

107 

109 

218 

139 

226 

135 

177 

113 

175 

137 

163 

212 


166 

159 
111 
104 
136 
108 

226 

227 

109 


177 

178 
157 
188 
130 
163 

no 

145 

140 

137 

227 

113 

167 

225 

133 
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Assignment 


Name of Compound 


State 


Spectrum 
Page No. 


5.76 1736 


5.77 1733 


5.78 1730 


5.79 1727 


5.80 1724 


s ester C=0 

s ester C=0 

s joint ester amide C=C 

s ester C=0 

s ester C=0 

s ester C=0 

s ester C=0 

s diester C=0 
m 4 C=0 
s unassigned 

s acid C=0 

s acid C=0 

s ester C=0 

s ester 0=0 

3 ester C=0 

3 ester C=0 

3 ester C=0 (conjugated) 

3 acid C=0 

3 acid C=0 

3 acid C=0 

i acid C=0 

s 4 C=0 

! 4 C=0 

! aldehyde C=0 

I 4 C=0 

1 4 C=0 

4 C=0 

ester C=0 
ester C=0 

ester C=0 

joint ester-amide C=0 
ester 0=0 (conjugated) 
acid 0=0 
acid 0=0 

carboxylic ester 0=0 

acid C3~ 'O 
acid C=0 

acid 0=0 


methyl a-phenacetamido-a-methyl 
butyrate 

ethyl h3^dantoate 

N-benzoyl-n-methylurethane 

ethyl formate 

thiazolidine-4-carboxylic acid methyl 
ester hydrochloride 
d^N-phenacetylalanine methyl ester 
phenacyl acetate 
diethyl succinate 

2,4-dioxythiazolidine 

benzoyl chloride 

Z-tyrosine hydrochloride 

dZ-a-amino-n-caproic acid hydrochlo¬ 
ride 

N-phenylglycine ethyl ester 

methyl a-phenacetamido-n-valerate 
methyl 5-phenacetamido-n-valerate 
cZZ-N-phenacetyl-j0-phenylalanine 

methyl ester 

ethoxymethylenemalonic acid 
dZ-^-phenylalanine h^^drochloride 
Z-proline hydrochloride 
N-phenylglycine hydrochloride 
cystine hydrochloride 
alloxan (monohydrate) 
5-methylhydantoin 
propionaldehyde 

5-(6-hydroxybenzal)-2-thiohydantoin 

5-benzal-2-thiohydantoin 

1- benzyl-5-phenacetamido-5,6-dih3'^dro- 

2-thiouracil 

d-N-phenacetylisoleucine methyl ester 
2,4,6-trimethylphenaceturic acid 

methyl ester 

deii^ero-N-phenylglycine ethyl ester 
N-methoxyurethane 

methyl benzoate 
N-phenylglycine 
chloracetic acid 

2- benzyl-4-carbethoxyimidazoline-l- 

acetic acid ethyl ester 

phenacetamidoallylmalonic acid 
2-benzy 1-A ^“thiazoline-4-carboxylic 
acid hydrochloride 
acetic acid 


141 


S 

S 

L 

S 

L 

S 

S 


L 

S 

S 

s 

s 

s 

s 

L 

s 

s 

s 


s 

L 

L 

Sol. 

s 

Sol. in 
CHCI3 
S 

s 


110 

158 

112 

108 


142 

107 
111 
211 
124 
229 

227 

108 
134 
132 
144 

108 

228 
228 
228 
227 

172 

173 
168 
177 
176 
179 

143 

145 

108 

158 

112 

122 

104 

218 

151 

211 

103 
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:i l« |i -11 \ I k' ( - < ^ 

U'» U11 Hiio I D« I ' 

M ' ( ) 


X 

1 

1 

Assiji:nment 

5. SO 

1724 

s 

acid ('=0 


1 

s 

acid C'=() 



m 

acid (=() 



s 

joint est<‘r-ami(le C=0 



s 

(‘st(‘r C=0 (double) 



s 

(.^ter (’=() (conjugated) 



s 

imassigned 

1 

1 

s 

acid ( =0 

5.81 

1721 

s 

acid ('=0 



m 

acid (=0 



s 

acid C—0 



s 

acid ( =0 



m ! 

est<u' C=0 



s 

keto ( —0 



s 

joint ester-amide ( —0 



w 

aldehyde ( =() 



m 

carboxylic (‘ster ( —O 




(conjugated) 

1 


s 

ester ( =() (conjugated) 



s 

4 (’ — () l ing 



s 

lactoiu' ( —0 


1 

1 

» 

s 

('—O (diketo) 

5.82 

i 1718 

s 

4 ('=() 


1 

s 

4 C =() 



s 

4 ('=0 



s 

4 ('—0 



m 

acid Cv—0 



s 

acid ( =0 



m 

acid ('=() 



s 

joint <‘ster amide ( —O 



s 

N-acvl ('—0 



\v 

unassigned 

5.88 

1715 

s 

acid (’=-0 


1 

s 

acid ('-4) 



1 m 

' aci( 1 (' 4 

1 



! s 

acidC n 


1 

< 

an.i r A) 

5.84 

1712 

‘ s 

|<n 11 1 1 ‘'F a mule ^ 4 


, 


•J ( ■ (1 


Name of Compound 


N-methoxy-N-metliylurethanc 

diethyl phonacetamidosuceinato 
methyl a-acetamido-d,/3-dimethylaery- 

latc 

2 -methylbenzoxazole 

eaprylie acid 
thioacetic acid 

monoethyl phenacetamidomalonate 
a-phenacetamidoisobutyi ic acid 

a-l)henacetamitlo-d,^-(li>^^^'l*»*^>'P*‘‘>- 
pionic acid 

sodium ethyl phenacetainidomalon- 

ate 

methvl ethvl ketone 
ethyl carbazato 

phenacetamidoacetaldehydc 
2-benzyl-4-earbethoxy-imidazole-l- 

acetic acid ethyl ester 

methyl a-benzamido-/:J,/:^-diniethylacry- 

late 

2-thiohydantoin 
dehvdracetic acid 
biacetyl 

l-benzyl-5,l)-tlihydrouracil 

uracil 

5 .(>-dihydro- 2 -tbiouraeil 

r)-furfurylidene-2-thiohydantoin 
a-phenacetami<lo-n-valeric acid 
formic acid 

(Y-|)h(Miacetamido-n“Caproic acitl 

N-h\'droxvurethane 

* 

I -ac(4 y 1-2-t hiohydantoin 
aec't \'lt hiourc'a 

(//-X-phena(*etyl-d-pheuylalanine 
(//-N-pluMiMcetylidanine 
/-N-plieu:ie(‘tyl|)rorme 
N-:ic. i\ ithiazolidine-l-carbo\ylic acid 
N i>lu'icici (yl-N-m(‘thylanthranilic acid 
\ . :(t bet hoxvlHUizalliN'drazone 



D1 u t (»ui 

I M'n /.all li'liN'di' 

% 

l-intTln llivdantoin 


S 


s 

L 

S 

s 

s 

s 


s 

s 

L 

s 

s 

s 

s 

s 

L 

s 

L 

S 

s 

s 
1?^ 


s 

s 

s 

s 

s 

s 

L 

s 


Spectrum 
Page No. 


135 

227 

105 

158 

131 

128 

214 

lOG 

103 

130 

139 

127 

115 

1G6 

IGO 

148 

218 

138 

175 

231 

1G7 

180 

17G 

179 

178 

134 

103 

138 

158 

177 

170 

143 

141 

153 

154 
154 
159 
174 
168 

174 
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5.84 


5.85 

5.86 


1712 


1709 

1706 


5.87 


5.88 


5.89 


5.90 


1703 


1700 


1697 


1694 



s 

s 

s 

m 

s 

s 

m 


s 


s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 


s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 


1 acyl C=0 

acid C=0 
acid C=0 

ester C=0 (conjugated) 
keto C=0 

ester C=0 (conjugated?) 
ester C=0 (conjugated) 
acid C=0 
acid C=0 

acid C=0 

2C=0 
joint ester-amide C=0 

2 C=0 
4C=0 
acid C=0 
acid C=0 
keto C=0 
lactam 0=0 
unassigned 

C=0 

acid 0=0 
acid C=0 
2C=0 
2C=0 

ester C=0 (conjugated) 
C=N 

acid C=0 (conjugated) 
2C=0 

acid 0=0 (dicarboxylic) 
acid 



acid C=0 
acid 0=0 
acid C=0 
2 C=0 
2 0=0 
2 C=0 
4C=0 
amide I 
N-acyl 0=0 
C=NH2+ 

amide I 


Name of Compound 


l-phenacetyl-5-(N-benzyIacetamido- 
' methyl)- 2 -thioh 3 "dantoin 
a-acetamidoisobutyric acid 
N-phenacet3dsarcosine 
eth3d-a-amino-/3,/5-dimethylaciylate 

a-phenylazoacetoacetic acid ethyl ester 

acetylu re thane (enol form) 
di-N-phenacet3dvaline 

Q:-phenacetamido-a-meth3d-n-butyric 

acid 

N-thiocarbamyl-)3-benzyl-aminopro- 

pionic acid 

N- (n-amyl)-succinimide 
N-methylurethane 
3-methylhydantoin 
rhodanine 
phenylacetic acid 

5-amino-n-valeric acid hydrochloride 
phenacyl acetate 
7-butyrolactam 
xanthine 
l-ethyloxindoIe-2 

d-N-phenacetylisoleucine 
€-benzamidocaproic acid 
barbituric acid 
alloxan (monohydrate) 

A ^-pyrazoline-3,4-dicarboxylic acid 

dimethyl ester 

N-carbethoxybenzalhydrazone 
a-acetainido-/3,/S-dimethylacrylic acid 

hydantoin 
glutaric acid 
succinic acid 

a-benzainido-;8,i8-dimethylacrylic acid 
5-phenacetamido-n-valeric acid 
e-phenacetamido-n-caproic acid 
succinimide 
5,6-dihydrouracil 

5- methylhydantoin 

6- phenyl-5,6-dihydro-2-thiouracil 

acetamide 

l-benzoyl-2-thiohydantoin 
phenaceturiminomethylether hydro¬ 
chloride 

cyanoacetamide 


State 


S 

S 

S 

S 

S 

L 

S 

S 

s 

L 

L 

S 

s 

s 

s 

s 

L 

s 

s 

S 

s 

s 

s 

s 


s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 


Spectrum 
Page No. 


175 


146 

156 

109 

231 

159 

144 

140 

105 

172 

158 

175 

189 

106 
228 
107 
162 
209 

224 
142 
136 
181 

172 

225 

159 

127 

173 

104 

105 
138 
132 
131 
171 

179 
173 

180 

125 
177 
184 

126 
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>\ 

R 

I 

1 

( 

Assignment 

Name of Compound 

State 

ry .\)0 

1694 

1 

s 

amide I 

henzvl carbamate 

s 

:>.9i 

1 ()91 

\v 

urea C —0 

phenacetylurea 

s 



Ill 

unassigned 

methyl guanidine sulphate 

s 



s 

unassigned 

henzoxazole 

L 

.).92 

1689 

s 

acid C—0 (conjugated) 

p-nitrobenzoic acid 

s 



\v 

acid C—0 

d/-aspartic acid 

s 



s 

ester C'=0 (conjugated) 

rnethvl anthranilate 
% 

L 



in 

O 

k. 

1 

acetylthiourea 

s 



s 

keto C —O (conjugated) 

acetophenone 

L 



s 

unassigned 

urea 

S 

o. 93 

1686 

s 

acid C—0 (conjugated) 

N-phenacetylanthranilic acid 

s 



s 

acid C==0 

N-phenacetyl-)3-alanine 

s 



s 

4 ( —0 

5-phenacetamido-2-thiouracil 

s 



s 

ester ('—O (conjugated) 

methyl N-phenacetylanthranilate 

L 

0.94 

1683 

s 

acid C =0 (conjugated) 

benzoic acid 

s 


1 

in 

(’=N 

acetoxime 

s 

5.95 

1680 

s 

1 

4 C'=0 

5-(p-dimethylaminobenzal)-rhoilanine 

s 



in 

unassigned 

e-amino-n-caproic acid 

s 

5.96 

1677 

s 

amide I 

phenacetamide 

Sol. 

5.97 

1674 

s 

('^N (ring) 

2-phenyl-4-isopropyIidene-oxazolone-5 i 

s 

5.98 

1671 

s 

N-acyl C^O (conjugated) 

N-benzoyl-N-methoxyurethane 

L 



s 

amide I 

N-methvlformamide 

L 



s 

N-acvl C'=0 

l-phenacetyl-5,5-dimethyl-2-thiohy- 

S 





dantoin 




s 

acid C —0 

df-glutainic acid hydrochloride 

s 

5.99 

1669 

s 

4 (’—0 

creatinine 

s 



s 

koto c^=o 

2,()-diinethyI pyrone 

S 

1 



ring C=N 

2-benzyl-4,4-dimethyloxazolone-5 

s 



.s 

amide I 

N-pheiiacetylanthranilic acid 

1 s 



s 

amide I 

l-benzyl-5-phenacetamido-5,l)-dihydro- 

s 





2-thi()uracil 


6.00 

1666 

s 

amide I 

formanilide 

s 



w 

amide I 

silver phenaceturate hydrate 

s 



w 

amide I 

sodium ethyl phenacetamitlomalonate 

s 



s 

amide I 

N-chloro-N-inethylbenzainide 

i L 



s 

N-acvl ('—0 

4 

N-phenacetyl-N-phenylglycine methyl 

L 





ester 




s 

acid ('—-^() (conjugat('d) 

anthranilic acid 

S 



s 

2 (’ i) 

1 

l-benzvl-5,(>-dihvdrouracil 

S 



S, .s 

urea (’ (). N-ac\ I ('—() 

ac(‘tvl urea 
% 

s 



> 

X-ac\'' (' (> 

. plu nacetyl urea 

s 


1 

1 

% 

1 

ainidi' 1. M O 

I 

l-bcnzyl-r)-phenacetamido-2-thiouracil 

s 


1 

1 

1 

t 

‘ ■ > 

met liyl-N-phenylbenzamidate 

L 

1 

1 

( 


1 1111 d 1 

('t hyl phenaceturate 

Sol’n 

6.01 

itic.:: 


: 111 u ‘ I 

d/-N-plum:icetyl-d-phenylalanine 

S 



'N 

:ilii !<' 1 

plu‘nnc(4amidomaU)nic aciil 

s 


Spectrum 
Page No. 


127 

1G9 

187 

215 

104 

121 

107 

170 

166 

169 

129 

133 

180 

129 

104 

182 

189 

120 

125 

161 

158 

146 

174 

227 

230 

165 

161 

129 

179 

148 

119 

115 

67 

155 

121 

180 
169 
169 
178 
183 
137 
143 

130 
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Assignment 


Name of Compound 


State 


Spectrum 
Page No. 


6.01 1663 


6.02 1661 


6.03 1658 


6.04 1655 


6.05 1653 


6.06 1650 


m 


m 


m 


keto C=0 (conjugated) 

2 C=0 

unassigned 

amide I 

amide I 

joint ester, amide C=0 

C=C 

unassigned 

acid C=0 (conjugated) 

C=C 

amide I 

acid C=0 (conjugated) 

unassigned 

ring C=N 

2C=0 
5NH3+ 
amide I 
N-acyl C=0 

amide I 
amide I 

amide I 
ring C=N 
N-acyl C=0 

unassigned 
amide I, 6 NH 2 
amide I 
amide I 
amide I 
amide I 

NH 2 amide type C=0 

unassigned 

N-acyl C=0 

amide I 
amide I 

carboxylate ion 
N-acyl C=0 


6.07 1647 


m 


unassigned 
unassigned 
amide I 


quinone 

uracil 

xanthine 

benzamide 

allantoin 

I urethane 

a-acetamido-/3,)0-dimethylacrylic acid 

2 -aminobenzimidazole 

salicjdic acid 

3,5-dimethyIpyrazole 

di-N-phenacetyl-/3-phenylalanine 

methyl ester 

N-methylanthranilic acid 

methyl 6 -phenacetamido-n-valerate 

4-isopropyl-2-phenyloxazolone-5 

2,4-dioxythiazolidine 

dZ-a-amino-n-caproic acid 

€-phenylcaproamide 

N-acetyl thiazolidine-4-carboxylic acid 

methyl ester 

sodium phenaceturate hydrate 
methyl a-phenacetamido-/3,/3-dimethoxy 

propionate 

phenacetylsarcosine methyl ester 

4 -methoxybenzyl- 2 -phenyloxazolone -5 
l-phenacetyl-5(N-benzylacetamido- 
methyl)- 2 -thiohydantoin 
dZ-or-amino-n-valeric acid 
propionamide 

N-phenacetyl-/3-alanine methyl ester 
N-methylphenacetamide 

benzanilide 
ethyl phenaceturate 
hydantoic amide 
guanidine thiocyanate 

N-acetylthiazolidine-4-carboxyIic acid 

methyl ester 
ethyl hydantoate 

phenaceturiminomethylether hydro¬ 
chloride 

sodium ethyl phenacetamidomalonate 
sodium N-acetylthiazolidine-4-carbox- 
ylate hydrate 
e-amino-n-caproic acid 
^-alanine 

barium phenaceturate hexahydrate 


S 

S 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

Sol. in 
CHCI3 

s 

L 


S 

s 

L 

S 

s 

s 

s 

s 

L 


165 

176 

209 

126 

174 

157 

127 

216 

105 

223 

144 

121 

132 

162 

211 

120 

126 

109 

116 

128 


156 

162 

175 

120 

126 

133 

146 

147 
137 
171 
186 
109 

no 

184 

115 

114 

120 

123 

118 



w< ’ 


X 




().()7 i 1()47 


6.08 


1645 


6.09 


6.10 


1642 


1639 
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s 

s 

s 

s 

m 

in 




s 


s 

in 


s 

.s 

s 

s 

s 

m 

w 

m 

s 

s 

s 

m 

s 

s 

s 

m 

s 

s 

s 

s 

w 

w 

in 

s 

s 


s 

.s 

s 


Assijrnincnt 


amide I 
amide I 
ring (’=N 
(’=N 

r=c 

imassigned 

amide I and — 
amide I 
amide I 
amide I, C=C 


amide I 
amide I 
6 XH 2 
amide I 
amide I 
N-aeyl ( = 
ring C=N 

5NH2 (?) 
C=V 


C=NH 


O—C'H 


.3 


O 



unassig 
unassigiied 
amid<' I 
amide I 
amide I, 
amide I 
amide I 
amide I 
ring ('=N 
amide 1 
unassigned 

earhoxylaie ion, 6 NH 3 '^ 

amide I 

amide I 

ami<l(^ I 

amide I 

amid(‘ I 


amid(‘ I 
amid(‘ I 
amid(‘ I 
amide I 


Name of Compound 


amidi' I 


rf/-N-phenacetylvaline methyl ester 
methyl ^-benzamidoeaproate 

4- isobutyl-2-phenyloxazolone-5 
N,N'-dimethyl-N-benzoylbenzamidine 

5- (o-hydroxybenzal)-2-thiohydantoin 

2 -aminobenzothiazole 

phenaceturiminomethylether 
r//-N-phenacetyIalanine 
N-p-iiitrobenzamidopiperidine 
methyl a-acetamido-/3,d-dimethyl- 
acrylate 

phenaeetamidoaeetaldehyde 

N-eth\dacetamide 
% 

phenacetamide 

d/-N-phenaeetyI-alanine methyl ester 
/-N-phenaeetyl-proline metliyl ester 
2-phenyl-4-l)enzyl-oxazolone-5 
ethvl carbazate 
5-benzal-2-thiohydantoin 
sareosine 

methylguanidine sulphate 

methyl a-phenaeetamidoisobutyrate 

sodium-e-benzumido-n-eaproate 

a-benzamido-/i,d-dimethylaerylie acid 

ethyl hippurate 

N-ethylphenaect amide 

N-methvlbenzamide 

5-furfurvlidene-2-thiohvdantoin 

methyl a-phenaeetamiilo-n-eaproate 

dehvdracetie acid 
% 

r/-glutamic acid 

barium phenaeeturate (anhydrous) 

ethyl a-allylphenaeeturate 

diethyl phenaeetamidosuecinate 

metliyl phenaeeturate 

metliyl a-henzamitlo-d,d-diinethyl- 

aervlate 
\ 

N-i)h(uiaeetyl-d-alanine 
f/-N-plu‘nae(dylisoleueine methyl ester 
I ”)-plu‘mu‘('tamido-2-thiouraeil 
I 2 . 1 .(i-trimelhylphenaeeturie aeiil 
met h\ l I'sti'r 

' iiicllix l .v-|ili('niHTtiini(li>-«-mothyl 

I III I \ rale 


State 


L 

L 

S 

s 

s 

s 

s 

s 

s 

s 

s 

L 


s 

L 

S 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

L 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 


s 


Spectrum 

Page No. 


145 

137 
162 
157 

177 
213 

182 

141 
150 
128 

148 
147 

125 

142 
157 
161 
160 
176 
122 
187 
140 
115 

138 

135 

149 
149 

178 

139 
231 
123 
118 
110 
131 

136 
138 

133 

143 
180 
145 


141 
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X 

P 

I 

Assignment 

6.10 

1639 

m 

amide I 



s 

amide I 



s 

amide I 

6.11 

1637 

s 

amide I 



s 

amide I 



s 

amide I 



w 

conjugated C—C 



w 

conjugated C=C 



s 

N-acyl C—0 



s 

5NH3+ 



s 

N-acy] C—0 



m 

5 NH 3 + 

6.12 

1634 

s 

amide I 



s 

amide I 



s 

amide I 



m 

unassigned 



m 

thiazole I 



s 

6 HOH 



w 

6 NH 2 



m 

5NH2 



m 

unassigned 



m 

5NH2 



m 

6 NH 2 



m 

carboxylate ion 

6.13 

1631 

m 

5 NH 3 + 



w 

5 NH 3 + 


1 

s 

amide I 



s 

N-acyl C=0 



m 

6 HOH 



s 

amide I, 5HOH 

6.14 

1629 

w 

amide I 



w 

5 NH 2 



m 

6 NH 2 

6.15 

1626 

s 

thiazole I 



w 

N=N 



m 

6 NH 2 



s 

amide I 

6.15 

1626 

s 

amide I 

6.16 

1623 

s, s 

amide I, carboxylate ion 



w 

5 NH 3 + 


1 

m 

5 NH 3 + 



s 

unassigned ; 



m 

thiazole I ; 


Name of Compound 


methyl a-phenacetamido-n-valerate 
N-benzamidopiperidine 
N,N-diethyl acetamide 

5- phenacetamido-n-valeric acid 
e-phenacetamido-n-caproic acid 
N-benz 3 d formamide 
ethox3''methylenemalonic ester 
ethyl a-amino-jS,/3-dimethyIacrylate 
N-phenacetyl-N-phenylglycine 

a-aminoisobutyric acid 
acetyl piperidine 
dZ-valine 

6- phenacetamido-n-valeric acid methyl 

ester 

N,N-dimethylbenzamide 
N,N-dimethylphenacetamide 
2 -ethylmercaptobenzoxazole 
2-amino-4-(p-biphenyl)thiazole 
sodium N-acetylthiazolidine-4-carbox- 

ylate hydrate 
acetamide 
benzamide 
urea 

acetyl urea 
phenacetyl urea 

d^-of-amino-a-methylbutyric acid 
^-alanine 

6 -amino-n-caproic acid 

sodium salt of d/-N-phenacetylalanine 

N,N'-dimethyl-N-benzoylbenzamidine 



A 

phenyl caproamide 


onic acid 


S 

S 

L 

S 

s 

s 

L 

L 

S 

s 

L 

s 

s 


L 

s 

L 

S 

s 

s 

s 

s 

s 

s 

Sol. 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

L 

s 


Spectrum 
Page No. 


134 

150 

151 
132 

131 
148 
108 
109 
155 
119 
153 
119 

132 

152 
152 
215 
210 
114 

125 

126 
169 
169 
169 
120 
123 
120 
116 
157 

119 
116 
136 
126 
127 
210 
231 
105 

154 

154 

117 

120 
123 
214 
210 
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X 

1 

r 

I 

AssignnuMit 

( 

1 

1 

Name of Compound 

1 

State 

Spectrum 
Page No. 

6 . 17 

1 

1 

i 1()21 

, s 

amide I 

d/-N-phenaeetyIvaline 

S 

144 


1 

1 

m 


evstine 

4 

s 

121 



ni 

6 NH;,+ 

d/-alanine 

s 

119 



s 

unassijrned 

3-methyl-pyrazolone-5 

s 

222 



s 

earhoxylate ion 

/-proline 

S 

122 



in 

ring ( — 

methyl-2-benzylthiazoline-A ^-4- 

L 

108 





earboxylate 






5H()H 

barium phenaceturatehexahydrate 

S 

118 

6.18 

1618 

s 

amide I 

a-acetamido-i3,/i-diinethylacrylic 

S 

127 



1 


acid 





s 

amide I 

d-N-phenacetylisoleucine 

s 

142 


1 

1 

s 

amide I 

svm-dieth\durea 

4 • 

s 

170 



m 

amide I 

a-acetamidoisobutyrie arid 

s 

146 



s 

SNU;,"^ 

f//-a-amino-a-methyl-n-butyrie acid 

Sol. 

120 



s 

amide I 

a-phenacetainido- 0 ,ii-dimethoxypropi- 

S 

127 





onic acid 





s 

6 NH 2 

urethane 

s 

157 



\v, s 

earhoxylate ion 

d/-aspartic acid 

s 

121 

1 


\v 

6 NH 2 

anthranilic acid 

s 

121 

1 

1 


m 

SNHo 

cvanoacetamide 

4 

s 

126 

6.19 ' 

1615 

s 

earhoxN'late ion 

sarcosine 

s 

122 



s 

5H()H 

sotlium phenaceturate hydrate 

s 

116 

6.20 

1613 

s 

amide I 

phenacetainidoallylinalonic acid 

s 

151 

1 

1 


w 

amide I 

inonoethyl phenacetainidoinalonate 

s 

130 



s 

amide I 

a-phenacetamidoisobutyric acid 

s 

139 



s 

unassigned 

thiourea 

s 

170 



s 

6 NH 2 

anhydrous hvdrazine 

4 « 

L 

160 



in 

ring 

1 -et hy loxindole -2 

s 

224 



in, in 

6 NH 2 , phenyl 

methyl anthranilate 

s 

107 


1 

m, in 

phenyl 

/-tyrosine 

4 

s 

123 



s 

iinassigned 

hydantoic amide 

4 

s 

171 



\v 

6 NH;i + 

d/-glutamic acid hydrochloride 

s 

227 

6.21 

1610 

in 

6 NH 3 + 

d-isoleucine 

s 

121 



s 

6 NH 3 + 

ethylainine hydrochloride 

4 4 

s 

229 



w 

6 NH 3 + 

u-aminoisobutyric acid hyilrochloride 

s 

226 



w 

5 NH 2 

ethyl of-amino-/:i,/::l-dimethylacrylate 

L 

109 



s 

unassigned 

urea 

s 

169 



s 

ring viliration 

2 , 6 -dimethylpyrone 

s 

165 



s, in 

earhoxylate ion, 5 NH 3 '*' 

tv-ainino-o’-methyl-n-butyric acid 

4 

s 

120 

6.22 

1608 

s 

amide 1 

(v-plu'naiudamido-a-methyl-n-butyric 

* ^4 

1 t k f»t /1 

s 

140 



s 

aiuide 1 

1 . U M 1 

pin nMCi'turic acid 

s 

135 



w 


d/-:d;niiiu' Ip'droehloride 

s 

226 



\v 

1 

e^miilLC’tlcd C 

;icct \ IniT'l luuie (enol form) 

L 

159 



w 

()\ 1 ! ; . pilcnyl 

d/-.'-plu'n\ lain nine hydrochloride 

S 

228 



w 

tma*'>i‘ined 

2 -<‘l liy lmci\‘aptol>enzoxazole 

L 

215 
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X 

V 

I 

Assignmer 

6.23 

1605 

s 

C=N, phenyl 

6.24 

1603 

s 

amide I 



w 

5 NH 2 



s 

unassigned 

6.25 

1601 

m 

phenyl 



s 

amide I 



m 

5 NH 2 



s 

amide I 



s 

unassigned 

6.26 

1598 

s 

carboxylate ion 



w 

ring vibration 



s 

amide I 

6.27 

1595 

s 

C=N 



w 

ring vibration 



s 

carboxylate ion 



s 

amide I 

6.28 

1592 

w 



1 

w 

5 NH 2 + 



w 

C=C 



w 

5 NH 3 + 



s 

5 NH 3 + 



m 

5NH2 

6.29 

1590 

s 

carboxylate ion 



s 

carboxylate ion 



s 

carboxylate ion 



s 

N-acyl 0=0 



w 

5NH3‘^ 



m 

5 NH 3 + 



s 

N-acyl 0=0 



s 

N-acyl C=0 



m 

ring 0=N 



s 

unassigned 



w 

unassigned 



m 

unassigned 



s 

0=N 

6.30 

1587 

s 

carboxylate ion 



s 

carboxylate ion 



s 

thioureide ion 



s 

carboxylate ion 



s 

unassigned (NH 2 ?) 

6.31 

1585 

s 

carboxylate ion 



s 

carboxylate ion 



w 

6 NH 3 + 


Name of Compound 


State 


2-phenylthiazoline-A ^ 
N-phenacetylsarcosine 
allantoin 

l-methyl-2,4-dioxo-3-phenylpyiTolidine 
N-phenylglycine hydrochloride 
oj-phenacetamido-n-valeric acid 

acetyl thiourea 

a-phenacetamido-n-caproic acid 
benzoxazole 
dZ-valine 
pyridine 
hippuric acid 

3.5- dimethy Ipy razole 

5.6- dimethylpyrone 
sodium hippurate hydrate 
1 , 2 -diacetyl hydrazine 
a-amino-a-methylbutyric acid hydro¬ 
chloride 

^-proline hydrochloride 
quinone 

dZ-a-amino-n-caproic acid hydro¬ 
chloride 

Z-tyrosine hydrochloride 
ethanolamine (in CHCI 3 ) 
dZ-alanine 
dZ-i3-phenyIalanine 

sodium N-acetylthiazolidine-4-carbox- 
ylate hydrate 
Z-N-phenacetylproline 
cystine hydrochloride 
3-amino-n-valeric acid hydrochloride 
N-acetylthiazolidine-4-carboxylic acid 
N-phenacetyl-N-methyl-anthranilic acid 
2-benzyl-A ^-thiazoline-4-carboxylic acid 
sym-diethylurea 
creatinine 

2-mercapto-4-phenylthiazole 
2 -benzyliinidazoline 
dZ-a-amino-n-caproic acid 
sodium phenaceturate hydrate 

5.6- dihydro-2-thiouracil 
cystine 

ethyl hydantoate 
d-isoleucine 
Z-tyrosine 

dZ-a-amino-n-valeric acid hydrochloride 


L 

S 

S 

s 

s 

s 

s 

s 

L 

s 

L 

S 

s 

s 

s 

s 

s 

s 

s 

s 

s 

Sol. 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 


Spectrum 
Page No. 


211 

156 

174 

224 
228 

134 
170 
138 
215 
119 

225 

135 
223 
165 
116 
160 

226 

228 

165 

227 

229 
193 

119 
123 
114 

153 

227 

228 

154 
154 
211 
170 

230 
210 
222 

120 
116 
179 
121 
no 
121 

123 

227 
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X 

1 

* 

p 

1 

I 

Assifi;nment 

1 

(>.:u 

1585 

m 

iinassigned 



in 

amide I ' 

i 

1 


in 

unassi«:ned ' 

(i.:v2 

1582 

s 

carl)()xylate ion • 



s 

caiboxylate ion ' 



in 

anilino 



s 

thioureide ion ' 



s 

(’=N, C—C 


1580 

s 

carboxylate ion 


1 

1 

s 

caiboxylate ion 



s 

thioureide ion 



s 

rins i —N 



s 

unassij^ned 

(). :i4 

1577 

s 

carboxylat(‘ ion, anilino 



m 

carl )oxylate ion 



w 

unassigned 



s 

carljoxylate ion 

0.35 

1575 

s 

carhoxylate ion 



s 


0.30 

1572 

m 

amitle II 

0.37 

1570 

m 

thiazole 1 



\v 


0.38 

1 1507 

s 

carhoxylate ion 



s 

carhoxylate ion 



s 

carhoxylate ion 



1 

s 

tliioureide ion 



s 

iinassigned 



s 

carhoxylate ion 

0.39 

1505 

w 

unassigned 



s 

amide II 


1 

m 

amid(^ 11 

0.40 

1503 

s 

amide 11 



s 

amide 11, carhoxylate ion 

! 


W' 

unassigned 

1 


s 

amide 11 



m 

('—N 

0.41 

1500 

s 

ainid(" 11 



s 

amide 11 



m 

amide 11 




uiia.''.<ignei 1 



w 

anilino 

0.42 

1558 

ni 

amide 11 



s 

1 :i midt' 11 

(i.43 

1555 

III 

: amidt' 1 1 



A 

pyridine 

2-methylbenzoxazole 
N-phenyli>:lycine potassium salt 
silver phenaceturate hydrate 
r//-alanine hydrochloride 
sodium acetate (metiianol) 
barium phenaceturate (anhydrous) 
i'vsteine hydrochloride 
N-benzamidopiperidine 
2-mercapto-4-phenylthiazole 

evstine hydrochloride 
/3-alanine 

e-amino-n-cuproic acid 
N-phenylslyvbie 

5 -(p-ilimethylaminobenzal)-rhodanine 

2 -aminobenzimidazole 

sodium-e-benzamidt)-n-caproate 

xanthine 

N-methylphenacetamide 
a-plienacetamide-/3,)3-dimethoxy propi¬ 
onic acid 

N-ethylphenacet amide 

barium phenaceturate liexahydrate 

/-proline 

eth>'l phenaceturate 

2-benzvl-l-carbetlu)xvimidazoline-l- 
% « 

ac('<ic acid etlnd I'ster 

% 

N-carl>i*l hoxvbenzalhvdrazone 

« % 

mrt h\'l (Vphenacetamido-n-valerate 
pliriiMcct aniidoacet aldt'hyde 
2-inrl li \ Ibru/othiazole 

N-1 ilii in li;l\ciiu- IndriH'hlorido 
\ -i l li\ l.icrl ainiili' 

'/-\ pin ii:n'i'i\iifiiii' methyl ester 
pluuai'i'l uiiniimiinctlivletliei' 
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L 

L 

S 
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s 

s 

s 

s 

L 

s 

L 

L 

S 

s 

s 
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s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 
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s 


Spectrum 
Page No. 


S 

S 

S 

S 

Sat. Sol. 
in CHCI 3 
S 
S 

s 

L 

s 

L 

S 

S 


215 

129 

214 

116 

120 

121 

180 

217 

119 

114 
180 

225 
214 

115 

119 

226 

114 
118 
227 
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210 
227 
123 

120 
122 
189 
216 

115 
209 
146 
127 


149 

118 

122 

137 

218 

159 

132 

148 

213 

228 

147 

143 

182 
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Table 2. Catalogue of Absorption Assignments in the 6 ^ Region {Continued) 



6.43 1555 


6.44 1553 


6.45 1550 


6.46 1548 


6.47 1546 


m 


m 


m 


m 


m 


6.48 1543 m 


m 


m 


6.49 1541 m 


m 


Assignment 


6.50 1538 


amide II 
amide II 
amide II 
amide II 

amide II 
amide II 
NO2 

unassigned 

unassigned 
amide II 
amide II 
amide II 
thioureide ion 

5NH2+ 

amide II 
amide II 
amide II 

amide II 
amide II 
amide II 
unassigned 
amide II 
NO2 
amide II 
amide II 
amino acid II 
amide II 
C=N 

amide II 
amide II 

amide II 
amide II 
amide II 
ring 

thioureide ion 
amide II 

amide II 
NO 2 
amide II 


Name of Compound 


hippuric acid 
methyl phenaceturate 
silver phenaceturate hydrate 
methyl a-phenacetamido-a-methyl 
butyrate 

dZ-N-phenacetylvaline 

methyl a-phenacetamido-n-valerate 

nitromethane 

thiazolidine-4-carboxylic methyl ester 
hydrochloride 
3-methyl-5-pyrazolone 
sodium hippurate hydrate 
N-methylbenzamide 
dZ-N-phenacetylalanine methyl ester 

5- methyl-2-thiohydantoin 
2,2-dimethylthiazolidine-4-carboxylic 

acid hydrochloride 
ethyl hydantoate 
d-N-phenacetylisoleucine 
2,4,6-trimethylphenaceturic acid methyl 

ester 

formanilide 

6- phenacetamido-n-valeric acid 
methyl a-phenacetamidoisobutyrate 
dehydracetic acid 
a-phenacetamido-n-valeric acid 
N-p-nitrobenzamidopiperidine 
sodium e-benzamidocaproate 
dZ-N-phenacetylalanine 
a-aminoisobutyric acid 
N-methyl formamide 
2-benzyl-4-carbethoxyimidazole-l- 

acetic acid ethyl ester 
N-methylurethane 

dZ-N-phenacetyl-/3-phenyIalanine methyl 

ester 

a-acetamidoisobutyric acid 
N-phenacetyl-/3-alanine 
N-phenacetyl-^-alanine methyl ester 
pentachlorophenol 
acetylthiourea 

methyl Q!-phenacetamido-^,/3-di- 
methoxypropionate 
methyl e-benzaraidocaproate 
p-nitrobenzoic acid 
phenaceturiminomethylether hydro¬ 
chloride 


state Spectrum 

Page No. 



135 

136 
119 
141 


144 
134 
190 
108 

222 

116 

149 
142 
177 
212 

no 

142 

145 

148 

132 

140 
231 
134 

150 
115 

141 
119 

146 
218 

158 

144 

146 

133 
133 
192 
170 
128 

137 

104 

184 
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X 

1 

V 

1 

1 

t 

Assigninen 

(>.')() 

' 153S ; 

s 

amide II 



111 

amide II 



s 

amide 11 



w 

amide II 


1 

s 

thiazole II 



\v 

amide II 



m 

amide II 



m 

amide II 


1 

\v 

amide II 


1 

m 

ring ( =N (conjug 

1 

( 


s 

thioureide ion 

6.51 

1536 

s 

amide II 



w 

amide II 

[ 


s 

amide II 



s 

amide II 



s 

amino acid II 

6.52 

1534 

s 

amide II 



s 

amide II 



s 

amide II 



s 

amide II 



s 

amide II 



s 

amide II 



m 

i thioureide ion 



m 

amide II 



s 

amide II, thiourer 

6.53 

1532 

s 

amide II 

1 


w 

amide II 

6.54 1 

1 

1530 

s 

amide 11 

1 

1 

1 

1 

s 

amide II 



s 

unassigned 

1 


s 

amide II 

6.55 

1527 

s 

amide II 



s 

amide II 



s 

unassigned 

6.56 

1525 

m 

amide 11 



w 

amino acid II 



s 

NO-> 

6.57 

1522 

m 

amide 11 



w 

amino acid 11 



s! 

1 

amitu) acid licdi oi 


1 

s 

anilino 



s 

unassigiKMl 


Name of Compound 


a-acetamido-d.d-dimcthylacrylic acid 

phenacetamidomalonic acid 

1- 1 lenzy 1-5-phenacct amido-2-t hiouracil 

sodium salt of df-N-phenacetylalanine 

2- amino-4-(p-diphenyl)thiazole 

liai'ium phenaceturate (anhydrous) 
d/-N-phenacetylvaline methyl ester 
methyl a-phenacetamido-n-caproate 
diethyl thiophenacetamidomalonate 
A Apyrazoline-S.d-dicarboxylic acid 
dimethyl ester 

1- benzyl-5,6-dihydro-2-thiouracil 

5- phenacetamido- 2 -thiouracil 
N-benzylformamide 
a-phenacetamidoisobutyric acid 

hvdantoic amide 
€-amino-n-caproic acid 
allantoin 

6- benzamidocaproic acid 
monoethyl phcnacctamidomalonate 
a-phenacctamido-n-caproic acid 
methyl of-acetamido-/3,fJ-dimethyl- 

acrylate 
benzanilide 

2- thiohydantoin 
1,2-diacetylhydrazine 

1- bcnzyl-5-phenacetamido-5,G-dihydro- 

2-thionracil 

e-phenacetamido-n-caproic acid 
N-phenacetylanthranilic acid 
ethyl bippnrate 
phenaceturic acid 

2- aminobenzothiazole 
ethyl phenaceturate (in ("HCla) 

(^t liyl «-allylphenaeeturate 
a-plienacetamidiva-methyl-n-butyric 

acid 

2-nu‘t livllienzotliiazole 

sodium ethyl plu'uacetamidomalonate! 

(ll-e-amino-(V“me( ln l)>ut vric acid 

% 

p-iiil rot oliieiu' 

diet li> Ipliriiaeet amidosuccinate 
///-alanine 

II , .*-annnnivnl.ut\ lie acid hydrochloride 
! o-^p-dimei liN'lainmol uaizan-rhodanine 
1 )el iZi )\:i /I lie 


State 


S 

S 

S 

S 

S 

S 

L 

L 

S 

s 

s 

S 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

Sol. 
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s 

L 

s 

s 

s 

s 

s 

s 

s 

L 


Spectmm 

Page No. 


127 

130 

178 

116 

210 

118 

145 

139 

111 

225 

178 

180 

148 

139 

171 

120 

174 
136 

130 
138 
128 

147 

175 
160 
179 

131 
129 
135 
135 
213 
137 

no 

140 

213 

115 

120 

190 

131 

119 

226 

189 

215 
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6.58 


6.59 


6.60 


6.61 


1520 


1518 


1516 


1513 


6.62 1511 


6.63 1509 


6.65 1504 


6.66 1502 


6.67 1499 


6.68 1497 

6.69 1494 


6.70 1492 


I 


m 

w 

m 

m 

w 

w 

s 


s 

w 

w 

s 

s 

s 

s 

s 


m 

s 

s 


w 

s 

s 

w 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

w 

s 


s 

m 

s 

s 

s 


Assignment 


amide II 
amino acid II 
amide II 
amide II 

amino acid hydrochloride II 

anilino 

amide II 

amide II 
amide II 
amino acid II 
thioureide ion 
amino acid hydrochloride II 
amino acid II 
thiazole II 
amino acid hydrochloride II 

amide II 
amino acid II 
thioureide ion 


Name of Compound 


unassigned 
unassigned 
C=C 
anilino 
amide II 
amino acid hydrochloride II 
amino acid II 
amino acid II 

amino acid hydrochloride II 
amino acid hydrochloride II 
amino acid II 
ring 

unassigned 
amide II 
amino acid II 
unassigned 
anilino 

amino acid hydrochloride II 
amino acid hydrochloride II 

imassigned 

ring 

thiazole II 

thioureide ion 

amino acid hydrochloride II 


dZ-N-phenacetyl-j(3-phenylaIanine 
dZ-a-amino-n-caproic acid 
methyl N-phenacetyl anthranilate 

N-p-nitrobenzamidopiperidine 
c.vsteine hydrochloride 
N-phenylglycine ethyl ester 
methyl o:-benzamido-/3,^-dimethyl 
acrylate 

phenacetamidoallylmalonic acid 
sodium phenaceturate hydrate 
dZ-Q!-amino-n-valeric acid 
2-thiothiazolidone 
Z-tyrosine hydrochloride 
d-glutamic acid 
2-aminothiazole 

a-amino-a-methylbutyric acid hydro¬ 
chloride 
ethyl carbazate 
d-isoleucine 

N-thiocarbamyl-jS-benzylaminopropi- 

onic acid 

2-phenylbenzothiazole 
2-mercapto-6-amino-benzothiazole 

a-phenazoacetoacetic acid ethyl ester 
deutero N-pheny 1-glycine ethyl ester 
a-benzamido-^,^-dimethyl acrylic acid 
dZ-glutamic acid hydrochloride 
dZ-/3-phenylalanine 
dZ-valine 

cystine hydrochloride 
dZ-alanine hydrochloride 
^-alanine 
N-benzylpyrrole 
acetoxime 
creatinine 
dZ-aspartic acid 
2-ethylmercaptobenzoxazole 
N-phenylglycine potassium salt 
dZ-a-amino-n-valeric acid hydrochloride 
a-amino-a-methylbutyric acid hydro¬ 
chloride 

2-mercaptobenzothiazole 

1- ethyloxindole-2 

2- mercapto-4-phenylthiazole 
l-benzyl-5-phenacetamido-2-thiouracil 

dZ-a-amino-n-caproic acid hydrochloride 


State 
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S 
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s 

s 

s 

s 

s 

s 

s 

s 

s 
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s 

s 
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Spectrum 
Page No, 


143 

120 

129 

150 
227 
108 
138 

151 
116 
120 
189 
229 
123 
210 
226 

160 

121 

105 

212 

214 

231 

108 
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227 

123 

119 

227 

226 

123 

223 
182 
230 
121 
215 
115 
227 
226 

213 

224 
210 
178 
227 
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Assijininent 


Name of Compound 


State 


Spectrum 
Page No. 


(i.72 
(). 74 


().8() 

(>.81 


1 IS8 

1 isr> 

1483 


().7()l 1479 


(>.79 1473 


1471 

14(>() 


(>.87 1450 

0.92 1440 


thioureido ion 
thioureitle ion 
tliioureidc ion 
ainino acid hydroclilorido 11 

ring 

unassigned 

thiazole II 

thiourcide ion 

unassigned 
thioureide ion 
tliioureide ion 

thiounude ion 
thioureide ion 


5 -(a-hydroxyl)enzal)- 2 -thiohydantoin 

5-benzal-2-thiohydantoin 

5 -furfurylidene- 2 -thioliydantoin 

dM-phenylalanine hydrochloride 
pyridine 

2 -phenyllxuizothiazole 
2-iTiercapto-4,5-diniethyl thiazolc 

l-phenacetyl-5(N-bcnzylacetamido 

niethyl)- 2 -thiohydantoin 

benzothiazole 

l-aeetyl-2-thiohydantoin 

l-phenacetyl-2-thio-5,5-dimethyl- 

hvdantoin 

1 -benzoyl-2-thiohydantoin 

rhodanine 


S 

S 

s 

s 

L 

s 

s 

s 


177 

176 

178 
228 
225 
212 
210 
175 

212 

177 
174 

177 

189 


Chapter IV 


A STRUCTURAL ASSIGNMENT CATALOGUE FOR THEORETICALLY 

ANALYZED MOLECULES 


Introduction 

Exact theoretical assignments must serve as a 
point of departure in any empirical investigations, 
and in the following tables an effort has been 
made to summarize all such existing information 
for the convenience of the analyst. For this pur¬ 
pose a comparison study of 135 simple molecules 
was conducted, and the results are tabulated in a 
manner similar to that in Chapter III. References 
listed in Herzberg^s Infrared and Raman Spectra of 
Polyatomic Molecules^ were used. These refer¬ 
ences relate to some 350 molecules containing 
from three to twelve atoms. Of these, Herzberg 
discusses 60 in some detail. With the aid of the 
references, the literature was searched to discover 
which of the other molecules had been analyzed. 
Theoretical assignments were found for about a 
third of the citations, but of these only half were 
analyzed to any degree of completeness, the other 
half having only a few strong bands assigned. 

It should be emphasized that the catalogue in 
this chapter is not the result of a critical study of 
the interpretations offered. No attempt was made 
to evaluate the assignments given by the refer¬ 
ences cited as long as they were imchallenged by 
others. In some cases, where two references dis¬ 
agreed on interpretation, a choice was made based 
on the completeness of the research and usually 
favoring the more recent analysis. In a few cases, 
the choice seemed difficult and both assignments 
were recorded in the catalogue as alternatives. 
Assignments based on infrared data were favored 
whenever available. However, the compilation 
had to draw heavily from Raman work as will be 
seen from a glance at the wavelength catalogue. 

* G. Herzberg, Infrared and Raman Spectra of Polyatomic 
MoleculeSt D- Van Nostrand Co., New York, 1945. 


No claim is made for completeness in this 
survey, yet it is felt to be sufficient for the in¬ 
tended purpose of orientation. In all, 135 mol¬ 
ecules are to be found in the catalogue. They are 
listed alphabetically, together with references, in 
Table 3. Two catalogues have been compiled in 
order to present this information on simple mol¬ 
ecules on the same basis as for the specialized 
data in Chapter III. Table 4 is a summary of the 
wavelength ranges within which the various assign¬ 
ments fall. Table 5 is the complete wavelength 
catalogue upon which Table 4 is based. 

Function of Different Spectral Regions in Structural 
Analysis 

A study of these catalogues will serve to empha¬ 
size the different purposes which different regions 
of the spectrum serve in structural analysis. In 
the short wavelength region (around 3 p) the 
location of certain absorptions is definite evidence 
of the presence of hydrogen bonds in the molecule 
such as are found in CH, OH and NH groups. 
The position of these absorption bands is, more¬ 
over, very insensitive to changes of the molecular 
skeleton. 

The long wavelength region (beyond 8 p) is 
quite the opposite. In this region, the absorption 
bands form a “profile” which is more character¬ 
istic of the molecules as a whole. Even changes in 
structure which are minor from the chemist’s view¬ 
point will cause major changes in the “profile.” 

This is especially true the longer the wavelength 
region examined. 

The intermediate wavelength region (which 
includes the so-called “double bond” or 6re- 
^on) extending roughly from 5-7 p is a transi¬ 
tional region. While the bands at certain points 


8S 

in tlie spoctnini of a compound can be associated 
with the viln-ation of a structural group within 
the molecule, still, within limits, the position o 
that band (or, in other words, the particular 
vil.ration frequency of that ,structural group) is 
sensitive' to changes in the molecule as a whole. 

'rids difference in the roles that the .short and 
long wavelength regions play m structural anal¬ 
ysis is clear from an examination of the nature ot 
the assignments in the two regions. While 
stretching vibrations of a few simple groups ac¬ 
count for all the absorptions occurring in the 3 n 
region, there are hundreds of different groups 
who.se stretching and bending vibrations give lise 
to the bands in the region beyond 8 g. 

Terminology 

Brief mention was made in Chapter III of the 
difference in attitude between the empirical and 
theoretical approaches to the molecular spectrum. 
Accurate as are the descriptions in terms of sym¬ 
metry classes and general modes of vibration, 
they are not as useful for analytical purposes as 
the less accurate descriptions used in Chapter III. 
Since more often than not the journal references 
give assignments in terms of symmetry classes, it 
was necessary for the purpose of building up the 
catalogue contained in tables 4 and 5 to translate 
from that type of representation to the structural 

Molecitlk: Methyl ('vanide (('H^C'N) 


infr.\red determination of organic structures 


Theoretical Band 
Spectra Assignments * 
(Point Group C'.'u ) 

Structural 

Analysis 

Assignments 

(see Table 5 
for Symbol¬ 
ism Key) 

F re- 
quency 
(cm~*) 

Wave¬ 

length 

(m) 

'I'otally symmetric 

i'l 

st-s (TI:i 

2942 

2.40 

“ai-type’' vibra¬ 

V} 

111 

22S.4 

4.2s 

tions 


d-s ('ll:. 

127b 

7.27 



.St ('(' 

91S 

10.89 

1 

Doubly degenorab' 


St-a ('IF, 

2>()77 

( 

i 2.2.7 

“e-type” vibra¬ 

1 bi 

1 d-a ( Ibi 

1 1 ID 

1 

tions 


r ('II:, 

ID ID 

0 .t.l 


' t^.s 

,1 ('('-“N 

;jsD 

1 

1 

■jr, ;; 

* f Ici /Imth, o/k < iI ., 

p. 3: 

v>. 




analysi.s type with the consequent introduction of 
frequent questions and uncertainties in the assign¬ 
ments. At long wavelengths especially it becomes 
difficult to say what a vibration is from the struc¬ 
tural point of view, so that finally every assign¬ 
ment becomes either “ring” or “chain” or “skele- 
^Qi^”—terms which are so general that they be¬ 
come usele.ss, especially .since the ranges of occur¬ 
rence at the same time overlap so much and 
spread out so widely. A simple example of trans¬ 
lation of terminology is methyl cyanide. In this 
example, the structural analysis representation 
fits the facts rea.sonably well. 

Harmonics and Combination Bands 

For the sake of simplicity and brevity, Tables 4 
and 5 are limited to fundamental vibrations. In 
the case of simple molecules, it often occurs that 
the more complex modes of vibration are as strong 
as (and in some cases stronger than) fundamentals 
of similar frequency. As a rather striking and ex¬ 
treme example the main infrared bands for di¬ 
methyl acetylene, supplemented by five of the 
strongest Raman bands, together with assign¬ 
ments, are given below: 

BiMETiiYL Acetylene (CH3CSCCH3) 


1 

Wave¬ 

length 

(m) 

Fr(‘- 

quency 

(cm”*) 

Intensitv 

% 

Assignment * 

3.3b 

2975 

s 

fundamental (st CH 3 ) 

4 .00 

2500 

s 

combination 

4.33 

2312 

(Raman) 

fundamental (st 

4.47 

2238 

(Raman) 

harmonic 

4.83 

20(>5 

s 

harmonic and combina¬ 
tion superposed 

5,43 

1841 

m 

combination 

b.si 

1408 

s 

fundamental (d-a CH 3 ) 

7.25 

12 S 0 

m 

fundamenUU (d-s CH 3 ) 

S. 07 

i 1210 

m 

combination 

S.S9 

1120 

n' 

fundamental (st-a CC) 

9. :>2 

10.70 

n^ 

1 

fundamenbil (r CH 3 ) 

1 2 . * * 2 

771 

(Raman) 

harmonic 

11 .;;i 

0*97 

i 

1 (Raman) 

fundamenbU (st-s CC) 

1 : ti 

.7mS 

* s 

combination 

2t>.7 

27 1 

(Raman) 

fundamental (d CC^CC 


* I U t /tu'i i:. ' fi. , it., p. HSG. 
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Only those marked as fundamentals appear in the 
wavelength catalogue (Table 5). Any attempt to 
identify dimethyl acetylene solely by using Ta¬ 
ble 5 would meet with failure because of the con¬ 
fusion introduced by the strong harmonics and com¬ 
bination bands being mistaken for fundamentals. 
The more complex molecules probably seldom have 
such strong combination bands. Actually, even 
many of the fundamentals in the spectrum of a 
complex compound are weak and the analyst is 
fortunate to have a few strong ones present with 
which to work. To recapitulate: While the pos¬ 
sibility of a strong harmonic or combination band 
appearing in the double bond region always must 
be admitted, yet it is probably less likely to inter¬ 
fere with the use of Table 2 for the analysis of com¬ 
plex molecules than it would in the use of Table 5 
in analysis of simple molecules. 

Duplications in Spectra 

There are a number of compounds which occur 
in both Chapter III and Chapter IV. These are 
acetamide, acetone, acetoxime, acetic acid, acetyl 
chloride, benzene, dimethyl sulfide, ethyl mercap¬ 
tan, formic acid, heavy water, hydrazine, methyl 
alcohol, nitromethane, pyridine, pyrrole, thiourea, 
urea, and water. Slight differences will be found 
in the wavelengths recorded in the two chapters. 
Aside from possible differences in purity, some if 
not most of the disagreements are due to the fact 
that the data given in Chapter III are from sam¬ 
ples in their natural solid or hquid state, while the 
data compiled in this chapter are almost exclu¬ 
sively from gaseous samples. Care should also be 
taken to equate infrared data and Raman data 
with circumspection even for the same compound. 

Note on the Meaning of “s” and “a” 

While notes on the meaning of the S 3 unbolism 
used in the tables appear just preceding Table 5 , 
a more extended discussion of the use of the terms 
'‘s” (symmetric) and “a” (asymmetric) is needed. 


As used in this chapter “s” means simply that the 
identical atoms in the molecular group referred to 
are vibrating in phase or symmetrically; “a” 


means that they are 

vibrating out of phase or 

asymmetrically. This 

is illustrated in the follow- 

ing sketches: 



st-s CHj 


/H 1 

d-s CH 3 -C^H -t- 




st-a CH 2 — 




d-a CH 3 —C^H 





In the case of a stretching vibration in a structural 
group containing only two atoms, or a bending 
vibration in a group containing no more than 
three atoms, these terms “s” and “a” as used in 
the sketches do not apply. If, however, two 
identical structural groups of this simple nature 
occur in a single molecule, the designations “s” 
and “a” again are used to describe the vibration 
of these two groups in phase or out of phase re¬ 
spectively with each other as shown in the fol¬ 
lowing : 


st-s CC—C—C=C—C— 



st-a CC—C—C=C—C— 






This ternoinology cannot be carried too far be¬ 
cause it does not specify a unique situation in 
more complicated molecules with more than two 
identical structure groups or with two identical 
groups containing a larger niunber of atoms 
(e.g., CH 3 ). It is included for the simpler cases 
to which it applies in order to further specify the 
nature of the vibration. 
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3. CO>,rOB3» INOBBDBD .» ™r. W.VBBBNaTH CATABOO™ 

7 A «.»A 11,230 (19-13) 

acetaldehyde. g ^ physik. Chem. B. 61, 49 (1942) 

acetamide.. • • . ^ j Qhgm. Phys. 6, 534 (1938) 

acetic acid (monomer and dimer). ^ ( 194 I) 

acetone. ,0 j c/igm, F/ius. 6, 718 (1938) 

acetoxime. - 2 ,. physik. Chem. B. 27, 359 (1934); 36, 433 .1930 

ac<>t> l chloride.. . .' y. . . . 4 Herzberg, 288 

acetylene. ^ Herzberg, 339 

allene (propadiene). ^ Herzberg, 294 

ammonia. g 2. Physik 79, 394 (1932) 

ammonium bromide. ^ ^ physik 79, 394 (1932) 

ammonium chloride. ^ ^ physik 79, 394 (1932) 

ammonium nitrate. ^ ^ Physik 79, 394 (1932) 

ammonium sulfate. Herzberg, 357 

azomethane. ^2 Herzberg, 304 

. . .. J. Chem. Phys. 12, 13G{IW) 

1 -bromo-l-butyne. ^ p 35 , 442 (193/); J. Chem. Phys. 11, 

1 , 3 -butadiene. 432 (1943) 

12 J. Chem. Phys. 6 , 247 (1938) 

cis-butene-2. ^2 j Chem. Phys. 6 , 247 (1938) 

trans-butone-2. z physik. Chem. B. 29, 292 (1935) 

.. ^ j p,,ys. 10, 172 (1942) 

1-butyne . . .. Herzberg, 27G 

carbon disulfide. Proc Hoy Soe. London 140, <i05 (mi) 

carbon oxysulhde. Herzberg, 303 

. . .. ^ Herzberg, 310 

carbontetrachlor.de. Herzberg, 101 

chlorine monoxide. ^ Herzberg, 310 

.. 7 Z. physik. Chem. B. 61, 103 & 187 (1942) 

chloropicnn... ^ ^ p 48, 189 (1941) 

chloro-trifluoromethane. ^ 27, 170 (1934) 

crotonaldehyde. ^ ^ ^ 4 ._>, ^,^ 37 ) 

.. 4 Herzberg, 293 

cyanogen... ^ 48 ^ 3 gg ( 11 ^ 41 ) 

cyanogen chlo.K .. J, Oicw. F/ii/s. 11, 309 (1943) 

. 11 ;? phosik- Chem. B. 33, 179 (1930); 36, 303 (193/); 38 

cycloponU..I.<.,.e. 

cyclop,.. » 

deutero-acetylene, C'.jD.j. u'' 00 ') 

deiitero-acetylene, t'.din. • " 11 ■mo/iqpH 

deutcro-acetaldel.yde, ('D.C'HO. - J- ( I 

deutero-acetic acid, ('!!:,('()(> 1 ) (monomer and 

. 8 J. Chem. l^hys. 6, 534 

doutero-acclic :icid, ('l);d4)OU unoiuuncr and 

. 8 J. Chem. Pht/s. 7, 4tH) 

deutero-acctic acid, (’D.Cnon (inonmncr and 

.. 8 J. Chem. Phus. 7, ItU) 0939) 

dfait.cM’o-aininotiia, .\0 >;i. ' Ih'i/iuM'j,. _'.M 

deuterium azid,. . ' 01.2,809 (1939) 

1 ,-Irideule,..-benzene . 12 J Oum S.,.. 1940 Part 1. pago .100 
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Table 3. Compounds Included in the Wavelength Catalogue {Continued) 


Compound 

deutero-chloroform. 

deuterium cyanide. 

deutero-ethylene, C 2 D 4 . 

deutero-benzene, CgDq. 


deutero-ethane, C 2 D 6 . 

deutero-formaldehyde, DCDO. . . 

deutero-formic acid, HCOOD_ 

deutero-guanidonium. 

deuterium hydrogen oxide. 

deuterium hydrogen sulfide. 

deutero-methyl alcohol, CH 3 OD.. 

deutero-methane, CD 4 . 

deutero-methyl chloride, CD 3 CL . 
deutero-methyl bromide, CDsBr. 

deutero-nitromethane. 

deuterium oxide, D 2 O. 

deutero-propionic acid, C 2 H 5 OOD 

deuterium sulfide. 

deutero-urea, ND 2 COND 2 . 

di-acetylene. 

ortho-dichlorobenzene. 

meta-dichlorobenzene. 

para-dichlorobenzene. 

dichloro-difluoromethane (freon).. 

cis-dichloroethylene. 

trans-dichloroethylene. 

dicyanoethane (succinonitrile). 

dimethyl acetylene. 

dimethyl amine. 

dimethyl ammonium ion. 

dimethyl ether. 

dimethyl sulfide. 

ethane. 

ethyl alcohol. 

ethyl amine. 

ethyl mercaptan. 

ethylene. 

ethylene oxide. 

fluorine monoxide. 

fluoro-trichloromethane. 

formaldehyde. 

formamide. 


formic acid. 

furan. 

guanidonium. 

hydrazine. 

hydrazoic acid (hydrogen azide) 
hydrogen cyanide. 


No, of 
Atoms 


Journal Reference 


5 Herzberg, 316 

3 Herzberg, 280 

6 Herzberg, 325 

12 Herzberg, 364; J. Chem. Soc. London, 1946 Part I nages 
252-255 

8 Herzberg, 344 

4 Herzberg, 300 

5 Herzberg, 321 

10 Proc. Roy. Soc. London 177, 456 (1941) 

3 Herzberg, 282 

3 Herzberg, 283 

6 Herzberg, 334 
5 Herzberg, 306 
5 Herzberg, 314 

5 Herzberg, 314 

7 J. Chem. Phys. 11, 361 (1943) 

3 Herzberg, 282 

11 J. Chem. Phys. 7, 460 (1939) 

3 Herzberg, 283 

8 Proc. Roy. Soc. London 177, 456 (1941) 

6 Herzberg, 323 

12 J. de Phys. 9, 13 (1938) 

12 J. de Phys. 9, 13 (1938) 

12 J. de Phys. 9, 13 (1938) 

5 J. Chem. Phys. 7, 553 (1939) 

6 Herzberg, 329 
6 Herzberg, 329 

10 Z. physik. Chem. B. 29, 274 (1935) 

10 Herzberg, 356 

10 J. Chem. Phys. 6 , 225 (1937) 

10 J. Chem. Phys. 6 , 225 (1937) 

9 Herzberg, 353 

9 J. Chem. Phys. 8 , 60 (1940) 

8 Herzberg, 344 

9 J. Chem. Phys. 6 , 480 (1938) 

10 Z. Physik. Chem. B. 40, 439 (1938) 

9 Z. physik. Chem. B. 40, 439 (1938) 

6 Herzberg, 325 

7 Herzberg, 341 

3 Herzberg, 161 

5 J. Chem. Phys. 7, 278 (1939) 

4 Herzberg, 300 

6 Z. physik. Chem. B. 27, 176 (1934); Phil. Mag. 19, 1116 

(1935) 

5 Herzberg, 321 

9 J. Chem. Phys. 10, 660 (1942) 

10 Proc. Roy. Soc. London 177, 456 (1941) 

6 Z. physik. Chem. B. 44, 1 (1939) 

4 J. Chem. Phys. 7, 369 (1939) 

3 Herzberg, 279 


















































INFRARED DETERMINATION OF ORGANIC STRUCTURES 

Table 3. Compounds Included in the Wavelength Catalogue {Continued) 

No. of , „ . 

. Journal Reference 

Compound 

3 Hprzberg, 282 

hydrogen sulfide.. .. ^ physik. Chem. B. 29, 274 (1935); J. Amer. Chem. Soc. 

.. ( 1939 ) 

10 J. Chem. Phys. 12, 150 (1944) 

... . .. .V.' ^ 5 Herzberg, 300 

methane..■ - Herzberg, 337 

methyl acetylene (propync). ^ Herzberg, 334 o . 

methyl alcohol. . 7 J. Chem. Phys. 7, 503 (1939); Proc. Roy. Soc. London 

methyl amine. 339 (^ 939 ) 

7 J. Chem. Phys. 8 , 309 (1940) 

methyl azide... ^ Herzberg, 314 

methyl bromide. ^ Herzberg, 312 

methyl chloride. ^ Herzberg, 332 

methyl cyarm .. ^ Herzberg, 314 

methyl fluoride. ^ Herzberg, 314 

methyl iodide. „ j 8 , 309 (1940) 

methyl isocyanate. ^ Herzberg, 332 

methyl .. tj . i »,.cr 1 (U 

methylene (deduced from formaldehyde). ^ Herzberg 317; J. Chem. Phys. 12, 310 (1944) 

methylene chloride. ^ ^ ^ 2 , 310 (1944) 

methylene fluoride. ^ ^ ^^ 939 ) 

"•trie acid. ^ ^kem. B. 51, 187 (1942) 

nitroethane. „ ^ 8 , 314 (1940) 

nitromcthanc. , _ ^qi 

nitrogen peroxide (dioxide). ^ Herzberg 278 

nitrous ox.de . ^ p 48 , 177 (1941); Phil. Mag. 23, 1067 

oxalyl chloride. (1937) 

phosgene (carbonyl chloride). ^ ^ Herzberg 359 

,. 7 Z. physik. Chem. B. 41, 183 (1938) 

propuihc acid. ^ ^99 ^^ 939 ^ 

IS^Ziide:lo ^ physik. c,..... 27 , i85 ( 1934 ) 

‘ ■ ... 9 Herzberg, 354 

.. 11 J. Chem. Phys. 11, 328 (1943); 12, 300 (1944) 

.. 10 J. Chem. Phys. 10, 328 (1942); 7, 029 (1939) 

pyrrole. 

sulfur dioxide. ^ Herzberg, 285 

tetrachloroethylene. ri R 4 R ooo fiqao) 

r—.;; I; i: fa; s 

trichloroacolan,i,l<.. » Z. ,yt. C»■ U. 

trichloroaci-tonitiilc. '■ I'hf. „ 

S Pror. Rot/. Soc. Londony 177, 450 (1941) 

v!^vi acetviene'.^^ ^^ ^ 35,442 ( 1937 ) 

water. •’ ' 280 

Note; U,-fen-n<vs ia ‘'IIurzluTK " will he fouiul in d /.■ ..■.nu Si>,rlni of Polyatomic .Molecules, by G. Hertberg. D. Vm 

Nostrand Co., Now York. I'Jlo. 
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Table 4. Wavelength 

Range for Different 


Nature of 

Wavelength 

Range 


Vibrational Configurations 


Vibration 

st 

st 

Nature of 

Vibration 

OH. 

NH. 

Wavelength 

Range 

. 2.66- 2.98 

. 2 . 94 - 3.00 

b 

w, r 

st 

w, r 

st 

SH. 

CH. 

NN. 

CH 2 . 

CF. 

. 7.76 

. 7.22-22.3 

. 7.78 

. 6.72-13.7 

st 

st 

=CH. 

NH 2 . 

. 2 . 95 - 3.04 

. 2.88- 3.24 

st 

d 

C—(OH). 

ND 2 . 

. 7.80 9.71 

.. . 7 82 8 38 

st 

NH 3 . 

. 3.03 

d 

ND 3 . 

. . . . 8 40 

st 

NH 4 . 

. 3.10-3.28 

w, r 

NH 2 . 

. 8 QO 

st 

CH(rg). 

. 3.16- 3.25 

st 

COC. 

. 8 Q 1 

st 

st 

OHO. 

^CH. 

.. 3.19-3.22 

. 3.16-3.51 

w, r 

st 

CH 3 . 

OF. 

. 6.87 13.16 

. Q 01 

st 

st 

>CH. 

=CH 2 . 

. 3.30 

. 3.06- 3.60 

t 

d 

>CH 2 . 

CD 3 . 

. 7.73 14.6 

. . . . 8 fifi Q *^1 

st 

>CH 2 . 

. 3.22- 3.51 

d 

cc=c. 

831 11 n 

st 

CH 3 . 

. 3.15- 3.69 

d 

CD 2 . 

. . . . Q 04 10 90 

st 

OD. 

. 3.59- 3.78 

b 

HSD. 

. Q 18 

st 

SH. 

. 3.72- 3.89 

st 

CCO. 

Q 19 11 33 

st 

=CD. 

. 3.71-4.13 

st 

CIO. 

.... 10 9fi 

st 

BH. 

. 3.97 

st 

CN. 

... 7 1Q 11 QO 

st 

ND. 

. 4.07 

st-s 

c=c=c. 

. Q 34 11 Qft 

st 

ND 2 . 

. 3.84-4.13 

st 

CNC. 

. . 10 7P; 1 1 10 

st 

ND 3 . 

. 3.91-4.14 

b 

SD. 

... 10 79 

st 

ODO. 

. 4.30- 4.37 

st 

c=s. 

A t ;7 1 K 00 

st 

CD(rg). 

. 4.36 

b 

OD. 

... 8 40 17 O 

st 

•^CD. 

. 4.43 

w, r 

NH. 

... 8 ft 8 17 7 

st 

^CD. 

. 4.47 

st 

BN. 

... 11 7e; 

st 

=CD 2 . 

. 4.26- 4.86 

st 

OF. 

... 19 nc; 

st 

CD 3 . 

. 4.30- 4.92 

w, r 

CD 2 . 

. 11 3A. 1 A OK 

st 

C=N. 

. 4.31- 5.25 

w, r 

CD 3 . 

10 17 K/i 

st 

N=N. 

. 4.67 

w 

w, r 

CD. 

10 01 0 

st 

=C=0. 

. 4.37- 4.88 

st 

NO. 

. . . 19 30 

st 

c—c. 

. 4.51- 5.68 

t 

NH 2 . 

13 3K 

st 

=C=N. 

. 4.48 

b 

CN. 

. . . 14 0/1 

st 

SD. 

. 5.00- 5.29 

st 

CCl. 

8 30 03 0 

st-a 

c=c=c. 

. 5.05- 6.37 

d 

azide group. 

. 12 fifi 1 p; 90 

st 

C=0. 

. 5.47- 6.25 

d 

NO 2 . 

AA 1A 3 

st 

C=N. 

. 5.94 

st 

CBr. 

. . 1A /17 

st 

C=C. 

. 5.48- 6.60 

d 

CN 2 . 

. . . 1A A/1 

st-a 

N02(N=0). 

. 6.17- 6.43 

b 

N=N. 

1 A AQ 

st 

N=N. 

. 6.35 

d 

NNO. 

. . . 1 A QQ 

d 

NH 2 . 

. 5.95- 6.39 

d 

CF 3 . 

17 QA 

st 

CN 2 . 

. 6.77 

d 

CN 3 . 

. . . 18 Ac; 

b 

OH. 

. 6.27- 7.85 

st 

Cl. 

. . . 18 7t; 

d 

CH 3 . 

. 6.72- 7.66 

b 

BN. 

IQ 

st 

CN 3 . 

. 6.84 

d 

o=c=s 

. . . 10 9 

d 

CH 2 . 

. 6.63- 7.85 

d 

S02. 

. . . 10 oe; 

st 

C-C(rg). 

. 6.31- 7.50 

d 

CC^N. 

10 7 

d 

NH4. 

. 7.00- 7.40 

b 

OF. 

90 4 

st-s 

N02(N=0). 

. 7.25- 7.65 

r 

NO2. 

lA 7 03 A 

st-a 

S02(S=0). 

. 7.35 

d 


. 11.74 28.3 
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t 


1 * 


w, r 

I) 


(1 

d 

(1 

(1 

(1 

(I 

(1 

(1 

cl 

d 

(1 

d 

t 

b 

t 


I'Anij-: 4. Wavklkngth Range for Different 
VIRRATIONAE ('oNFKirRATioNs (Continued) 

Warctength 
Range 

17.3 

14.9 -20.8 

. 15.1- 20.8 

. 22.0 

. 23.0 

23.9 
24.0 

. 24.0 

. 24.15 

24.3 

. 25.2 

. 25.3 

20.3 

r*e*('\ . 23.0 —28. i 

......... . . 29.8 

. 30.1 

CHs. 30.0 -42.0 

.... 28.0 -40.0 

CD. 30.0 


Xalure of 
Vibniti<tn 

={’H2 

(’ll(rji) 

C’I)(rK) 

(’F. 

C'( 

CC’=() 
(X*N. . 
CC=C .. 
COC.. . 
C’N(X . . 

CK'^N. 

C('=N 


I\FR VHED determination OF ORGANIC STRUCTURES 

(dl) = short wavelength member of a re¬ 
solved doublet 

(d2) = long wavelength member of the same 

resolved doublet 

(t) = triplet absorption band (P, Q, and R 

branches) (zero branch wavelength 
value only is given) 

(nr) = not resolved, i.e., this absorption 

band is overlapped by others 


3 


Explanation of Table 5, the Assignment Catalogue 

In the first column of the catalogue, wave¬ 
lengths (in microns) are given for all absorptions 
whether or not they are active in the infrared. 
The second column lists the frequencies (in wave 
numbers) corresponding to the wavelengths in the 
first column. Intensities are indicated, whenever 
available, in the third column for absorption 
bands observed in the infrared spectrum. The 
intensity symbols have the following meaning: 

vs = very strong 
s = strong 
m = medium strong 
w = weak 
vw = very weak 

— = infrared absorption present but no in¬ 
dication of its intensity is given in 
the litc'raturc^ (it may be strong or 
weak) 

Symbols in parcaitlu'ses somedinu's lolltjwing the 
intensity symbol in column 3 are dc'scriplive of 
the nature of the absorption band a> follow^: 

(b) = broad aI>sorpt ion 

(d) = partly icsohaMl doublet (wa\('KMigth 

given is its average valued 


Ri = 


^Yhen an absorption band has not been ob¬ 
served in the infrared (because no infrared data 
are available or because vibrations producing a 
band at such a location are inactive in the infra¬ 
red, etc.) but has been obtained from some other 
source (Raman spectra, etc.), sjunbols giving this 
information appear in the third column in place 
of the usual symbol for infrared band intensity. 
The meaning of these symbols is as follows; 

R = Raman absorption observed only 

(no infrared absorption is to be 
expected at this wavelength 
since the assignment vibration 
is inactive in the infrared) 

Ro = Raman spectra value (there may 

or may not be infrared bands 
at this wavelength but no infra¬ 
red data are available) 

Raman spectra value (the \abra- 
tion producing this band is ac¬ 
tive in both infrared and Raman 
spectra but the infrared value is 
uncertain due to overlapping 
absorptions) 

C = calculated value, based on infra¬ 
red and Raman data 
Ci = calculated value, based on infrared 

data 

Cr = calculated value, based on Raman 

data 

Cx = calculated value for vibration fre¬ 
quency which is inactive in both 
infrared and Raman spectra 
(sp.ht.) = calculated value for a twisting 

vibration based on specific heat 
data 

In the fourth column of the wavelength cata¬ 
login' are to be found the structui'e group as:^n- 
ments, i.e., the localized grouping to which the 
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general vibration has been reduced. Preceding 
the group designation is a symbol describing the 
mode of vibration of this group. In those cases 
where it was not possible to localize the vibration, 
u.se is made of the terms “ring” (rg), “chain” or 
“skeletal” (skel). The abbreviations employed to 
indicate t 3 ^pes of vibration are as follows; 

st = stretching vibration (along the bond) 

b = bending vibration (across the bond): 
This symbol is used if the structure 
group vibrating is so simple that 
there is no more specialized descrip¬ 
tion useful, or if a more specialized 
assignment may not be made on the 
basis of a limited analysis in the 
literature 

d = deformation vibration: bending type 
which produces changes in the angles 
between atoms in the structure group 
itself 

w = wagging vibration: bending type in 

which the structure group partakes 
of no internal changes of angle but 
moves as a rigid unit with respect to 
the rest of the molecule. The mo¬ 
tion is a swinging back and forth in a 
plane perpendicular to the molecule’s 
symmetry plane 

r = rocking vibration: bending type similar 
to the wagging type except that the 
structure group swings as a unit back 
and forth in the symmetry plane of 
the molecule 


t = twisting vibration: bending type simi¬ 
lar to the wagging type except that 
the structure group as a whole ro¬ 
tates back and forth around the bond 
which serves to join it to the rest of 
the molecule 

br = completely symmetric stretching vibra¬ 
tion (breathing) usually found in ring 
compounds 


It should be noted that in Chapter III the symbol 
“6” was u.sed to represent all sorts of “across the 
bond” vibrations without discrimination. The 
following symbols, descriptive of the vibration 
types, are sometimes added: 


-s = symmetric (see text, page 39) 

-a = asymmetric (see text, page 39) 

-pp = perpendicular (usually to the plane of 

a ring molecule) 

-pa = parallel (usually to the plane of a ring 

molecule) 

-? = a.ssignment is uncertain, especially the 

type of vibration 

The fifth column is devoted to names of the 
compounds in which the vibrations were ob¬ 
served. In this column the abbreviation “(m)” 
implies “monomer”, “(d)” implies “dimer” and 
“D” signifies “deutero.” In the cases where it is 
known, the state of the compound when its spec¬ 
trum was obtained is shown by the postscript 
letter “g” (gas), “1” (liquid) or “s” (solid). 





4C 


infrared deter^iination of organic structures 


I'ablk o 


A SnU.CT,.,.AL A»..0»,KVr CaTALOOU. FO.. THFOnBT,CAF,AY Ana.,v,fd Mofeclfs 


2.98 

3350 

2.99 

3345 

3.00 

3333 

3.02 

1 

3311 

3.03 

3300 

3.04 

3290 

3.05 

3280 

3.00 

3 20 s 

3.07 

32.")7 

3.10 

3225 

3.13 

3195 

i 

3.11 

31S5 

f 

3. 15 

;ii75 


R 

Ro 

s 

Ro 

Ro 

w 

Ro 

s 

1^ 

s 


s 

s 

Ro 

s 

R 

6 

vs 

s 

Ro 


X 1 


1 : 

Assignment 

2.00 

3700 

vs 

st-a 

OH 

2.72 

3075 

in 

st 

OH 

2.74 

3050 

s 

st-s 

OH 

2.75 

3035 


st 

OH 

2.80 

3570 

in 

st 

OH 



st 

OH 

2.88 

3470 

R 

st-a 

NH 2 

2.89 

34()0 


st 

OH 

2.91 

3435 


st-a 

NH., 

2.92 

3425 

(i>) 

st-a 

NHa 

2.93 

3415 

s 

st-a 

NH;, 



__ 

st-s 

NH.2 

2.94 

3400 


st 

NH 



w 

st 

NH 

2.95 

3390 

s 

st 

C'H 

2.90 

3380 

— 

st-s 

NH.2 

2.97 

3307 

Hi 

st-a 

OH 


R 


: S 


lio 


st-s 

st 

st-s 

st 

st 

st-s 

st 

st 

st-s, a 

st 

st-s 

st 

st-s 

st-a 

st 

st 

st 

st 

st-a 

st-a 

st 

st-s 

st 

st-:t 

st-a 

st 

st 

st 

st 


C’H 

NHo 

NH 2 

NH 2 

NH2 

NHo 

OH 

NHo 

('H 

NH2 

Vll 

NH 

NH, 

C'H 

NII 2 

VU 

CU (atrt) 

OH 

VU 

Nil-. 

Nil,. 

Nil,. 

Ml, 

Ml, 

t'll. 

Ml, 

Ml, 

Ml, 

Nil, 

Cll, 


Name of Compound 


water 

methyl alcohol 
water 

acetic acid (m) 
formic acid 
propionic acid (m) 
methyl amine 
D-acetic acid (m) 
urea 

guanidonium 
ammonia 
urea 
pyrrole 

trihorine triamine 
methyl acetylene 
urea 

HDO 

acetylene 

formamide 

methyl amine 

tliiourea 

ethvl amine 
% 

hydrazine 
% 

ethyl alcohol 
acetamide 
di-acetylene 
formamide 

CoHD 

hvdrazoic acid 

ammonia 

hydrogen cyanide 

ethvl amii\e 
% 

l-hutvne 
vinvl acetylene 
hydroxy propionitrile 
acetylene 
hydrazine 
thiourea 
guanidonium 
(•yanaiuide 
thioaci'tamide 

t't li\lci\c 
% 

hydra/.inc' 
anunoniuiu sidfate 
ar('t aiuidc 
* t Itaairi'a 

1 >-arct ic acicl (m) 


State 


g 

g 

g 

g 

g 

g 

g 

g 


g 

g 

g 

g 


g 

1 

g 

g 

g 


g 

g 


g 


g 


g 


g 


t 
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Table 5. A Structural Assignivient Catalogue for Theoretically Analyzed Molecules {Continued) 


X 

V 

I 

Assignment 

Name of Compound 

State 

f 

1 

3.16 

3165 

R 

st-a 

CH 

cis-dic'hloroethvlene 

1 

s 



w 

st-s 

NHa 

hydrazine 

0 



s 

st 

CH 

furan 


3.17 

3155 

— 

st 

NH 4 

ammonium nitrate 


3.18 

3145 

— 

st 

NH 4 

ammonium chloride 





st 

NH 4 

ammonium bromide 


3.19 

3135 

— 

st-a 

CH 

pyrrole 




s 

st 

0 —H —0 

propionic acid (d) 


3.20 

3125 

— 

st 

0 —H —0 

acetic acid (d) 

& 




st 

CH 3 

D-acetic acid (d) 

0 

cr 

3.22 

3105 

s 

st-a 

CH 2 

ethylene 

e 



vs 

1 

st 

CH 2 

cyclopropane 

0 

K 



R 

st 

CH (vinyl) 

vinyl acetylene 

0 



— 

st 

0 —H —6 

Ds-acetic acid (d) 

a 



-(d) 

st-s 

CH 

pyrrole 

0 

3.23 

3095 

s 

st 

CH 

benzene 

0“ 

3.24 

3085 

s 

st-a 

CH 

trans-dichloroethylene 

fe 

g 



s 

st-s 

CH 

cis-dichloroethylene 

ff 



Ro 

st 

NH 2 

thioacetamide 

0 



R 

st 

CHi ,2 

1,3-butadiene 




— 

st 

CH 

cyclopentadiene 



1 

s 

st 

CH 

1,3,5-tri-D-benzene 


3.25 

3077 

s 

st-a 

CH 3 

methyl C 3 ^anide 

£ 



■ 

st 

NH 4 

ammonium nitrate 




m 

st-a 

CH 2 

prop^dene 

soFn 



s 

st 

CH 

p.vridine 


3.26 

3067 

R 

st-s 

CH 

trans-dichloroethylene 

& 

g 



— 

st 

NH 4 

ammonium chloride 


3.27 

3058 

s 

st-a 

CH 3 

methyl bromide 

IT 



s 

st-a 

CH 3 

methyl iodide 





st 

NH 4 

ammonium bromide 

0 



R 

st-a 

CH 2 

allene 

I 



R 

st 

CH 

pyridine 


3.28 

3049 

s 

st-a 

CH 2 

methylene chloride 

1 




st 

NH 4 

ammonium nitrate 




s 

st-a 

CH 3 

nitromethane 


3.29 

3040 

s 

st-a 

CH 3 

method chloride 


3.30 

3030 


st-a 

CH 2 

methylene fluoride 

1 



s 

st 

CH 

chloroform 

1 



vs 

st 

CH 2 

ethvlene oxide 





st 

CH 3 

acetic acid (m) 




vs 

st 

CH 3 

azo-methane 

0 



m 

st 

CH2,3 

propionic acid (m) 

or 

3.31 

3021 


st-a 

CH 4 

methane 

6 

O" 



R 

st-s 

CH 2 

ethjdene 

& 

or 



vs 

st 

CH 2 

C 3 "clopropane 

6 

Q 

3.32 

3012 

Ro 

st-a 

CH 3 i 

icetyl chloride 

6 


i 


IS 
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1'ahle o. a Snucri-HAI- AssKi.vMHN r ( atauk.ul 


FOIi 


Thkokbtically Analyzed Molecules (Continued) 


Assijiiunont 


Name of Compound 


State 




3. 3 :^ 


3.34 


3.35 


3.3() 


3.37 


3.38 


3012 


3003 


2004 


2085 


2070 


20()8 


2050 


2050 


U 

in 

vs 


Ho 

vs 

R 

Ho 

m 

H„ 


H„ 

H.. 

s 

s 

s 

vs (d) 

Ho 


vs 

s 


s 

Ho 

Ho 

1^. 

S 

S (i>) 

m 

m 

in 

H 
' H 


st 

CH (v 

St 

('H,, 

st 

(■111 .2 

st-a 

('Ho 

st 

CH 

st-a 

ciu, 

st-a 

( 'H, 

st-a 

CH, 

st-a 

CH, 

st-s 

Clio 

st-a 

CH, 

st-a 

CH, 

st-a 

('H, 

st 

CH, 

st-a 

(’II., 

st-s 

CHo 

st-a 

CH, 

st-s 

CHo 

st 

CH, 

st 

CH,., 

st 

CHo 

st-a 

CH, 

st-s 

CHo 

st-a 

CH, 

st 

CH, 

st 

CH., 

st-a 

CHo 

st 

CH,. 

st-s 

CH, 

st-s 

CH, 

st-s 

CH, 

st-a 

CH, 

st-a 

CH, 

st-s 

CH, 

st-a 

CH, 

st 

CHo 

st 

CH, 

st 

CH, 

st-a 

CH, 

st 

CH, 

st 

CH.. 

st-a 

CH, 

st-a 

CII, 


Cll , 

sl-^ 

< 'll 

"1 -a 

('ll 

.-t-s 

( 'll 


vinyl acetylene 

propylene 

1,3-initadiene 

(deduced from formaldehyde) 

D-formic acid 

methyl isocyanide 

methvl azide 
% 

acetamide 
methyl acetylene 
allene 

methyl isocyanate 

acetvl chloride 
% 

ethane 

liydroxyproprionitrile 

cvclohutane 

« 

methvlene chloride 
% 

methylene fluoride 

ethvleue 

acetone 

piH>pionyl chloride 

dicvanoetliane 

« 

methyl alcohol 
propylene 
dimethyl sulfide 
dimethyl acetylene 
hydiH)xyproprionitrilc 

])ropane 

trans-l)utene-2 

(deducetl from ftirmahlehyde) 

imdliylene fluoride 

methyl-F, ('1. Hr I 

l)-methvl alcohol 

luetlivl amine 
% 

nitromethane 

acetaldehyde 

ethyl mercaptan 

thioacetamide 

ethvl amine 
\ 

|UT)i>ane 

a-hutvlene 


aiieiu' 

propyUme 

propaiu' 

cx'clohutane 

% 

luelln l isocvanide 
% \ 

' luei li\ 1 isocvanate 
et hane 


sol’n 


g 

sol’n 


g 

sorn 

g 


3.30 
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Table 5. A Structural Assignment Catalogue for Theoretically Analyzed Molecules {Continued) 


X 

1 

V 

I 

Assignment 

Name of Co 

3.40 

2941 

s 

st 

CH 

\ 

formic acid 



R 

st-s 

CHa 

methyl cyanide 



R 

st-s 

CHs 

methvl acetviene 

♦ V 



Ro 

st 

CH2,3 

propionyl chloride 



Ro 

st 

CHa 

dicyanoethane 

3.41 

2933 


st-s 

CHa 

methyl azide 

1 


Ro 

st-s 

CHa 

acetyl chloride 




st 

CHa.a 

ethvl alcohol 
% 



Ro 

st 

CHa.a 

ethyl mercaptan 



Ro 

st-s 

CHa 

acetamide 



Ro 

st 

CHa 

hydroxyproprionitrile 

3.42 

2924 

vs (b) 

st 

CHa,a 

1 -butyne 

3.43 

2915 

R 

st-s 

CH 4 

methane 



R 

st-a 

CHa 

acetaldehvde 



s 

st-a 

CHa 

propylene 



vs 1 

st 

CHa 

dimethvl ether 

V 



Ro 

st 

CHa.3 

eth 3 d amine 

3.44 

2907 

Ro 

st 

CHa 

thioacetamide 

3.45 

2899 

s 

st-s * 

CHa 

methvl amine 



w 

st-s 

CHa 

dimethyl sulfide 



1 

st-s 

CHa 

cyclobutane 

3.47 

2882 

Ro 

st 

CH 

formamide 



Ro 

st 

CHa,a 

propionyl chloride 



m 

st-s 

CHa 

propane 

3.48 

2874 

Ro 

st 

CHa ,3 

ethyl mercaptan 



s 

st 

CH.,3 

cis-butene -2 

3.49 

2865 

Ro 

st 

CHa,3 

ethyl amine 

3.51 

2849 

s 

st-s 

CHa 

D-methyl alcohol 



m 

st-s 

CHa 

propylene 

3.52 

2841 

s 

st-s 

CHa 

methvl alcohol 

3.53 

2833 

Ro 

st 

CHa,3 

eth^d amine 

3.54 

2825 

vs 

st-a 

CHa 

formaldehyde 

3.55 

2817 


st-s * 

CHa 

method amine 

3.59 

2786 


st-a 

OD 

D 2 O 



vs 

st 

CHa 

acetaldehyde 

3.60 

2778 

s 

st-s 

CHa 

formaldehyde 

3.68 

2717 


st-s 

OD 

HDO 



s 

st 

OD 

D-methjd alcohol 

3.69 

2710 

vs 

st-s 

CHa 

acetaldehyde 

3.71 

2695 

R 

st-s 

CD 

D-acetylene 

3.72 

2688 

s 

st-a 

SHa 

hydrogen sulfide 

3.75 

2667 

Ri 

st-s 

OD 

D 2 O 



s 

st 

OD 

D-formic acid 




st 

OD 

D-propionic acid (m) 

3.76 

2660 


st 

OD 

D 3 ,D-acetic acid (m) 

3.77 

2653 


st 

OD 

D-acetic acid (m) 


State 


g 


g 


g 


sol’n 


g 


g 


g 


g 


g 


g 


g 

g 

g 


g 


g 

g 

g 

g 

g 

g 


* Alternative assignment exists. 
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A STKiTTrnAL Assicnmiont (’atalogue for 


Fheoretically Analyzed Molecules (Continued) 


1 

1 





1 

X 

r 1 

i 

« 

1 


A.'^signment 


3 so 

2032 

1 

st 

C'D 


3.83 

2011 

R 

st-s 

SH 2 


3.84 

2(>()4 

— 

st-a 

ND 2 


3.87 

2584 

s 

st-a 

C'D 


3.80 

2571 

Ho 

st 

SH 


3.01 

2558 

— 

st-a 

ND 3 


3.03 

2544 

-(b) 

st-a 

ND 2 


3.07 

2510 

s 

.-1. 

BH 


4.07 

2457 

— 

st 

ND 


4.11 

2433 

— 

st-s 

ND 2 


4.13 

2421 

s 

st-a 

C'D 




- 

st-s 

ND 2 


4.14 

2415 

— 

st-s 

ND 3 


4.20 

2347 

vs 

st-a 

(’D 2 


4.30 

232() 


st 

C'D3 





st 

0 -D- 

-0 

4.31 

2320 

R 

st-s 

('=N 


4.33 

2300 

R 

st 



4.34 

2304 

R 

st-a 

('D 2 


4.35 

2200 

m 

st 

0 —D- 

-0 

4.30 

2204 

s 

st 

C'D 




s 

st 

C'D 


4.37 

2288 

vs 

st-a 

('=() 





st 

0 —D- 

-0 

1 

1 


w 

st-a 

('l)a 


4,38 

2283 

s 

st 

11 


4.41 

22()8 

— 

st 

CDs 


4.43 

2257 


st-a 

(’D 4 





st 

C'D 


4.44 

2252 

R 

st-s 

C'Da 





st 

C'=N 




Ro 

st 

C'=N 




Ro 

st 

C'=N 


4.47 

2237 

S 

st 

C'D 




S 

st-a 

C'D3 


4.48 

2232 


st 

C'=N 





st 

N—('= 

-0 

4.50 

2222 

vs 

st-a 

NsN= 

=0 

4.51 

2217 

Ho (<l) 

st 

('=(■ 


4.54 

2203 

Ho 

st 

C '--N 




H 

.st-s 

( ' ) 


4.55 

2108 

m 

st-s 

CIU 


4.57 

2188 

R. 

i st 

t 

(' c 


4.58 

2183 

R 

1 

i st-s 

t ■ 


4.03 

2100 


: st-a 

CD. 

* 



1 


1 4 

i ' \ 



Name of Compound 


deuterium cyanide 
hydrogen sulfide 
D-urea 
C2HD 

etiiyl mercaptan 
D-ammonia 
D-guanidonium 
trihorine triamine 
D-hvdrazoic acid 

D-guanidonium 
D-acetylone 
D-urea 
D-ammonia 
D-etliylene 
D;racetic acid (d) 
D;t,D-acetic acid (d) 
cyanogen 

dimethyl acetylene 
D-ethvlene 
1 ^-propionic acid (d) 
D-henzene 
l,:h5-tri-D-benzene 
carbon suboxide 
D-acetic acid (m,d) 
D-nitromethane 
methyl cyanide 
Da,D-acetic acid (m) 
D-niethane 
D-cliloroform 
D-ethylone 

trichloracetonitrile 

dicyauoethane 
« 

hydroxyproprionitrile 
n:ul) -acetalilehyde 
D-othane 
cyanamide 

methyl isocyanate 

% % 

nitrous oxide 

l-bronu)-l-butyne 

cyanogen chloride 

carbon suboxide 

D-ethylene 
% 

1 -iodo-l-butyne 

ili-acetylene 

% 

D-formaldehyile 
methyl isocyanide 


State 


g 

g 


g 


g 


g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 


g 

g 


g 

g 

1 

g 


g 


g 


g 

g 
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Table 5. A Structural Assignment Catalogue foe Theoretically Analyzed Molecules {Cmtinued) 


Assignment 


Name of Compound 


State 


4.63 

4.64 

4.65 
4.67 

4.70 

4.71 

4.72 

4.74 

4.75 
4.77 

4.79 

4.80 
4.86 
4.88 
4.92 
4.94 
5.00 
5.05 
5.07 
5.25 
5.29 

5.39 

5.40 
5.42 

5.47 

5.48 
5.56 
5.60 
5.63 

5.65 


5.67 

5.68 


5.70 

5.73 

5.74 

5.75 


2160 

2155 

2150 

2141 


R, 

s 

s 


2128 

2123 

2118 

2110 

2105 

2096 

2088 

2083 

2058 

2049 

2033 

2024 

2000 

1980 

1972 

1905 

1890 

1855 

1852 

1845 

1828 

1825 

1793 

1786 

1776 

1770 


1764 

1761 


1754 

1745 

1742 

1739 


R 

Ro 

s 


R 

R 

vs 

R 

s 


vs 

s 


s 

R 

R 

R 

Cx 

m 

Cx 


s 

R> 

Ro 

Ro 


s 

vs 

R 

s 

s 

s 

s 


vs 

vs 

vs 


5.76 


1736 


st-s 

st 

st-a 

st 

st 

st-a 

st 

st 

st-s 

st 

st 

st 

st-a 

st-s 

st-s 

st-a 

st-s 

st-a 

st-a 

st-a 

st-s 

st 

st-s 

st 

st 

st 

st 

st-a 

st 

st 

st 

st 

st 

st 

st 

st-s 

st 

st 

st 

st 

st 

st 

st 

st 

st 

st 

st 


CDg 

c=c 

C=N 

(Ns) 

(Ns) 

CDs 


Ci 

=c 

c= 

=c 

CD3 

(Ns) 

C= 

=c 


=N 

CDs 

CD4 

CD2 

0 = 

=c=s 

CDs 

C= 

=c 

SD2 

c= 

=c=c 

c= 

=c 

c= 

=N 

SE 

’2 

c- 

-c 

c= 

=c 

c- 

-c 

c= 

=0 

c= 

=c 

c= 

=0 

c= 

=0 

c= 

=0 

c= 

=0 

c= 

=0 

c= 

=0 

c= 

=0 

c=c 

c=o 

c= 

=0 

c= 

=0 

c= 

=0 

c= 

=0 

c= 

=0 

c= 

=0 

c=o 

c=o 

C —0 

c= 

:0 


I D-nitromethane 

methyl acetylene 
c3^anogen 
hydrazoic acid 
method azide 
Ds, D-acetaldehj^de 
propiolic acid 

1 -butyne (also 1-pentyne, etc.) 

D-ethane 

D-hydrazoic acid 

vin^d aceUdene 

h^^drogen C 3 %anide 

DsjD-acetaldehyde 

D-methane 

D-formaldehyde 

carbon oxysulfide 

DsjD-acetaldehA^de 

di-acetylene 

deuterium sulfide 

allene 

acetylene 

deuterium cj'^anide 

deuterium sulfide 

benzene 

C2HD 

D-benzene 

phosgene 

1,3-butadiene 

acetyl chloride 

propionjd chloride 

oxaljd chloride 

acetic acid (m) 

D-acetic acid (m) 
propionic acid (m) 

D-formic acid 
D-acetylene 
Ds-acetic acid (m) 

Ds,D-acetic acid (m) 
propionic acid (d) 

D-propionic acid (m) 

(esters in general) 
formaldehyde 
formic acid 
acetaldehyde 
acetic acid (d) 

Ds,D-acetic acid (d) 

D-acetic acid (d) 




C;i Cn 
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infrared determination of organic structures 


I’abim-: 5. A Structural 


Assignment C'atalogue for Theoretically 


Analyzed Molecules {Continued) 


Assiiiiimcnt 


Name of Compound 


State 


0.78 


5.80 


5.83 
5.88 
.03 
.04 

5.05 

5.08 

5.00 

0.02 

0.00 

0.07 

0,11 

0.15 

0.10 

0.17 

0.20 

0.21 

0.23 

0.25 


0.20 
0.27 
6.20 
0.31 

0.32 
0.33 

6.34 

0.35 


6.37 


1730 


1724 


1715 

1700 

1080 

1083 

1081 

1072 

1000 

1001 

1050 

1047 

1037 

1020 

1023 
1021 
1013 

1010 


1005 


1000 


1507 
1505 
1500 
1585 


1582 
1580 


1577 
1575 


1570 


vs 

s 

vs 

s 

w 

vs 


Ko 

Ho 

H„ 

s 

s 


s 

s 

s (d) 
vs 
s 
s 

R 

s 


st 

St * 

st 

st 

st 

st 

(I 

st 
(1 
st 
st * 
st 
st 
st 


st 

st 

st-s 

I) 

st 

( 1 -a 

st 

st-a 

1 ) 

st-a 


C=0 

c;=o 

(’=() 

C=() 

C=v ving 

C=(.) 

c=() 

C=(-) 

c=o\ 

NH2 I 
( =0 
NH2 
( =0 
c=i) 
v=c 
v=c 
v=c 


vs 

b-a 

NH;, 

Ill 

(1 

NHo 

R 

st 

('=C 

vs 

st-a 

N ()2 


st 

('=() 

_ 

tl 

Nil., 

Ho 

(1 

NIL, 

in 

st 

R—N 

H„ 

st-a 

NO., 

R 

d 

NIIo 

Ho 

st 

('— 0 


(=(’ 
('=(' ring 

( 

OH 

C=C 

NH2 

('=C 

NO2 

NH> 

('=(' ring 


6.30 


1.a()5 


R 1 -^1 


H i M 

N-N 

W (b) . .-1 

(' (' 

V"' ; ■^t-a 

.(■- 

H 1 .'t 

( ■: I ’ 


1 

' .1 

Ml, 


D 3 ,D-acet aldehyde 

D^-acetic acid (d) 
acetone 

D-propionic acid (d) 

pyridine 

propiolic acid 

D-formaldehyde 

crotonaldehyde 

acetoxime 

urea 

formamide 
guanidonium 
acetamide 
propiolic acid 
propylene 

l)utene-l and l)utene -2 

a-l)utylene 

ammonia 

methvl amine 

ethvlene 

* 

nitrogen peroxide 
D-urea 

trichloroacetamide 
acetamitle 
trihtirine triamine 
chloropicrin 

urea 

formamide 
vinvl acetvlene 
pyridine 
1,3-hutadiene 
water 

cis-dichloroet hylene 

hvtlrazine 

benzene 

nitromethane 

cvanamide 

furan 

t rans-diehloroethylene 

az(.>-methane 

l,3,5-tri-l')-lienzene 

carbon suboxide 

tetrachloroet hylene 

D-nitromethaue 

guanidonium 
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Table o. A Structural Assignment Catalogue for Theoretically Analyzed Molecules {Continued) 


X 

V 

I 

A.ssignmcnt 

Name of Compound 

1 

State 

1 

6.42 

1558 

R 

st 


D-bcnzene 

I 

R 

6.43 

1555 

Ro 

st-a 

N 02 

nitroethane 

0 

6.54 

1529 

s 

st-a 

ring 

1 pyrrole 


6.55 

1527 

C 

d 

CH 4 

methane 

R 

n m pm 

6 . 0 / 

1522 

s 

st-a 

C=S 

carbon disulfide 

0 

6.58 

1520 

Cx 


CH 

benzene 


6.60 

1515 

R 

st 

C=C 

D-eth^dene 

« 


6.63 

1508 

— 

d 

CH 2 

methylene fluoride 

0 

1 

6.65 

1504 

s 

d 

CH 2 

formaldehyde 




R 

d-a 

CH 2 

cyclopropane 

8 ' 

6.69 

1495 

m 

d-s 

CH 2 

ethylene oxide 


6.71 

1490 

vs 

st-s 

ring 

furan 


6.72 

1488 



CH 2 

methylene fluoride 

1 



w 

d-a 

CH 3 

nitromethane 




\v 

d 

CH 2 

1,3-butadiene 

g 

6.73 

1486 

s 

d-a 

CH 3 

ethane 

g 


1 

s (t) 

st 

c—C 

benzene 


6.75 

1481 


d 

CH 3 

method azide 




s 

st 

C=C ring 

pyridine 


6.76 

1479 

s 

d 

CH 3 

D-methyl alcohol 

g 



Cx 

w 

CD 

D-benzene 

tr 

6.77 

1477 

m 

d 

CH 3 

methyl alcohol 

g 



R 

st-a * 

CN 2 

urea 


6.78 

1475 

s 

d-s 

CH 3 

methyl fluoride 


6.79 

1473 

m 

d-a 

1 

CH 3 

propylene 

g 

6.80 

1471 

m 

1 

d-a 

CH 3 

method fluoride 


6.81 

1469 

vs (t) 

d & d-a 

CH2,3 

propane 

(T 


1 

s 

d-a 

CH 3 

dimethyl acetylene 

g 

6.82 

1466 

vs 

d-s, a 

CH 3 

dimethvl ether 

g 



s 

st-s 

ring 

p\u’role 




s 

st 

B—N 

triborine triamine 


6.84 

1462 


st-a 

CN 3 

guanidonium 


6.85 

1460 

s 

d 

CH 3 

D-methyl alcohol 




s 

d 

CH 3 

methyl amine 




s 

b 

CH 2.3 

1 -butyne 


6.86 

1458 

m 

d-a 

CH 3 

methyl chloride 




Ro 

d • 

CH2,3 

nitroethane 


6.87 

1456 

R 

d-a 

CH 3 

methyl isocyanide 




m 

d 

CH 3 

methyl alcohol 




— 

w, r & d-a 

CH 2.3 

eth^d alcohol 


6.88 

1453 

w 

d-a 

CH 2 

eth^dene oxide 





d 

CH 3 

methyl isocyanate 




-(d) 

d-s, a 

CH 2 

cj^clobutane 


6.90 

1449 

w 

d-a 

CH 3 

nitromethane 





b 

CH2,3 

a-butylene 


6.91 

1447 

s 

d-a 

CH 3 

propylene 



* Alternative assignment exists. 
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Table 5. 


INFRARED DETERMINATION OF ORGANIC STRUCTURES 

A ST„l,CTU».L ASS.ONMBNT CATALOGUE FOB ThEOBET.CALLV AbALLA.P MOLECULES (Cool.W) 



5.92 


6 .93 

5.94 

(). 95 

5.95 

5.97 

5.98 


6,99 

7.00 

7.02 

7.05 


7.05 


7.07 


7.08 


7.09 


7.10 

7.13 

7.14 

7.15 
7.17 

7.19 

7.20 

7.21 

7.23 


7.24 


1445 


1443 

1441 

1439 

1437 

1435 

1433 


1431 

1429 

1425 

1418 


1415 


1414 


1412 


1410 


1408 
1403 
1401 
1399 
1395 
1391 
1389 
1387 


1383 


1381 


m 

vs 

vs 

s 

s 

m 


vs 

Ro 

R 

s((l) 

w 

vs (d) 

vs 

s 


Ro 


s 

w 

R 

vs 


w 

1 ^ 

s 

Ro 


w 

Ro 

R« 

s 


III 

111 (d) 




111 


1 ) 

d-a 

d-a 

d-a 

st 

d-a 

d-a 

d-a 

d 

d 

d 

d-s 

d-a 

(1 

d 

<1 

d 

1 ) 

d 

b 

d 

d 

st-a 

d 

1 ) 

d-s 

d-a 

1 ) 

I st 
[d-s 
1 ) 
d 


st 

b 

b 

d-s 

b 

st 

d-ii 

(1 

st-s 

1 ) 

st-s 

st-s 

st-s 

(1 


CH 2 

CH3 

CHs 

CH 3 

C=C ring 
CH 2 
CH3 
CH3 
CHa 
CH2.3 
CH3 
CH2 
CH2 
CH2 
CH3 

CH 3 

CH2 
NH4 
CII3 

NH4 
(’Ha 
C'Ha 

ring 
CH2 
CH2,3 
C'H 3 

CH3 
NH4 

N=('=0 
(’H3 
NH4 
('H2 
('H3 
C—C 
('H2 

D -0--H 
('Ha 
('H2.3 

sk('l 

(’ll.. 

('ll:, 

ring 

('ll 

No, 

NO. 

ilnu 

ill 


Name of Compound 


(deduced from formaldehyde) 

methyl bromide 

acetaldehyde 

tlimethyl sulfide 

pyridine 

ethylene 

methyl iodide 

methyl cyanide 

methyl acetylene 

nitroethane 

methyl azide 

allenc 

cyclopropane 
1 , 3 -butadiene 
azo-methane 
acetone 

methylene chloride 
ammonium nitrate 
methyl amine 
ammonium sulfate 
acetyl chloride 
acetic acid (d) 
pyrrole 
propylene 
a-butylene 
methvl isocvanide 
acetaldehyde 
ammonium chloride 

methvl isocyanate 

ammonium bromide 
vinyl acetylene 
aceRimide 
1,3,5-tri-D-benzene 
propionyl chloride 
HIX) 
propylene 
nitroethane 
acetamide 
allone 

D-acetic acid (d) 
furan 

1,3-butadiene 
nitromethane 
l)-nitrt>methane 
l\v rrole 

acetic acid (m) 


State 


g 


g 


g 
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A 

V 

I 

Assignment 

7.25 

1379 

Ro 

r 

CH 2 



S 

d-s 

CH 3 



m 

d-s 

CH 3 

7.26 

1377 

— 

d 

CH 3 



— 

d 

CH 3 

7.27 

1376 

R 

d-s 

CH 3 

7.28 

1374 

s (d) 

d-s 

CH 3 

7.30 

1370 

ys 

d-s 

CH 3 

7.32 

1366 

Ro 

st-s 

N 02 

7.35 

1361 

—1 

st-a 

S 02 

7.36 

1359 

Ro 

d 

CH 3 

7.38 

1355 

s 

d-s 

CH 3 

7.40 

1351 


b 

NH 4 




d 

CH 3 

7.41 

1349 

Ro 

d 

CH 3 

7.45 

1342 

R 

d-s 

CH 2 

7.46 

1340 

m 

b 

OH 

7.50 

1333 

m i 

st 

c—C 

7.56 

1323 

ys 

d-s 

CH 3 

7.57 

1321 

s(d) 

b 

CH 2.3 

7.58 

1319 

w 

st-s 

NO 2 

7.62 

1312 

w 

Y 

CH 3 

7.65 

1307 

R. 

st-s 

NO 2 

7.66 

1305 

— 

d 

CH 4 



s 

d-s 

CH 3 

7.67 

1304 

s 

r 

CH 

7.72 

1295 


st 

(N 3 ) 

7.73 

1294 


t 

CH 2 



— 

b 

CH 2.3 

7.74 

1292 

R. 

st 

N=0 

7.76 

1289 

ys 

b 

SH 




b 

CH 

7.77 

1287 

— 

b 

CH 

7.78 

1285 

ys 

st-s 

n=n=o 

7.80 

1282 

m 

d-s 

NH 2 



—- 

st 

CO 

7.81 

1280 

s 

r 

CH 2 

7.82 

1279 

— 

d 

ND 2 



R 

t 

CH 2 

7.85 

1274 


[d-s 

OH 1 
CH 2 I 

7.86 

1273 

m 

b 

CH 

7.87 

1271 

R 

r 

CH 

7.88 

1269 


st 

(N 3 ) 

7.90 

1266 

ys 

w 

CH 2 




st 

CO 


Name of Compound 


State 


ethjdene oxide 
ethane 

dimethyl acetylene 
methyl isocyanate 
D-acetic acid (m) 
method c3^anido 
ethane 
acetaldehj^de 
nitroethane 
sulfur dioxide 
acetvl chloride 
meth3d chloride 
ammonium nitrate 
methyl azide 
acetamide 
ethvlene 
meth3d alcohol 
D-benzene 
dimeth3d sulfide 
1 -butyne 
nitrogen peroxide 
meth3damine 
chloropicrin 
methane 
meth3d bromide 
cis-dichloroeth3dene 
meth3d azide 
methylene fluoride 
a-butylene 
nitric acid 
h3"drogen sulfide 
vin3d acetylene 
prop3dene 
nitrous oxide 
h3’'drazine 
acetic acid (d) 
formaldehyde 
D-guanidonium 
propane 

ethyl alcohol 

1 , 3 -butadiene 
trans-dichloroeth3dene 
h3'drazoic acid 
methylene chloride 
acetic acid (m) 


g 


g 


g 


g 


g 

g 

g 


g 


g 


g 


g 


g 


1 

g 
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X 

r 

I 

A.'<si*>:nmont 

JName ot L.ompouna 

7.90 

1200 


st 

CO 

D-acotic* acid (m) 

7.91 

1204 

w 

r 

C'H 

fiiraii 



Ho 

1) 

C'H2,3 

nitroothano 

7.92 

1208 


i‘ 

('Ha 

methvlenc Huoride 



s 

st-a 

CO 

etlivU'iic oxide 
% 

7.94 

1259 

\v 

1 1’ 

CH:, 

dimetlivl .sulfide 

4 



1 

w 

CHa 

cvcloOiitanc 

7.95 

1258 

1 

1 st 

CO 

D-acetic acid (d) 

7.9(> 

1250 


1) 

(Tla.s 

a-h\itvlenc 

7.99 

1252 

s 

(1-S 

1 

('Ha 

methvl iodide 

4 

8.00 

1250 

vs (1)) 

r 

(Ha.a 

l-l)utvne 

4 

8.08 

1288 

H 

r 

('H 

pyrrole 

8.14 

1229 

■ ■ 

w 

CHa 

cvclohutane 

% 

8.17 

1224 , 

in (nr) 

r 

CHa 

propylene 

8.27 

1209 j 


t 

('Ha 

cvclol)iitane 

8.80 

1205 

vs 

1) 

(H 

chloroform 



- 

st-a 

('F, ('Cl 

chloro-triflnoromethane 

8.81 

1208 

R 

1) 

1 

1 

o 

1,8-lHitadiene 

8.82 

1202 

s 

(1 

('Ha 

acetone 



\v 

r 

('H 

pyridine 

8.88 

1200 


r 

('H 

trans-dichloroet liylene 




r 

('Ha 

cvclolnitane 

% 

8 . 8() 

1190 

in 

r 

('Ha 

methvl fluoride 

8.88 : 

1198 


r 

('Ha 

methvl azide 

1 


■ ■ 

d 

N 1 >2 

D-guunitlonium 

8.40 

1190 

. . - 

l)-a 

NI )a 

D-ammonia 



('x 

r 

('ll 

henzene 

8.41 

1189 

' 1 

R 

st 

(\c 

cyclopropane 



s 

st--s 

rins 

furan 

8.47 

1181 

■ 

r 

C’ll.i 

methvl isocvanato 
% « 


1 

i 

s 

w A: r 

m. 

dimethvl ether 

8.48 

1179 

R 

r 


D-methvl alcohol 
• 



R 

r 

vu 

cis-tlichloroethylene 



in 

r 

vu. 

propane 

8.49 

1178 

s 

1) 

Ol) 

IV> 



R 

r 

('ll 

luMizene 

8.50 

1170 


st 

(’(' 

acetic acid (m & d) 

8.54 

1171 

R 

r 

('ll. 

nu'thvl alcohol 
% 

8.55 

1170 

R 

r 

('ll. 

ethane 

8.57 

1107 

s 

\v 

(’ll, 

formaldehyde 

% 

00 

• 

oc 

1 1(>0 

w inr' 

r 

('ll. 

pi‘op\ li'HC 

8.59 

1 l(>1 


d 

L 

N 1 

n-urea 

8.02 

1 10)0 

( \ 

P 

: r 

CIl 

i henzene 

1 

8.04 

1 157 

R 

St-M * 

(A, 

1 

j urt'a 

8 . 0)0 

1 155 

w 

1 t. 

1 

(41, 

t methylene chloride 


State 
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g 

g 

g 

g 
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g 
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Table 5. A Structural Assignment Catalogue for Theoretically Analyzed Molecules {ConUnued) 


8.66 

8.67 

8.68 

8.69 

8.70 

8.72 

8.73 

8.74 

8.80 

8.85 

8.87 

8.88 

8.89 

8.91 

8.92 

8.93 


8.94 

9.01 


9.02 

9.03 

9.04 

9.07 

9.09 

9.10 

9.12 

9.15 

9.17 


9.18 

9.24 


9.25 

9.26 

9.28 

9.29 



1155 

1153 

1152 

1151 

1149 

1147 

1145 

1144 

1136 

1130 

1127 

1126 

1125 

1122 

1121 

1120 


1119 

1110 


1109 

1107 

1106 

1103 

1100 

1099 

1096 

1093 

1091 


1089 

1082 


1081 

1080 

1078 

1076 


s 

w 


m 


Cx 


w 

m 

R 

s (dl) 
s 
w 
m 

Ro 

R 

Ro 


s 


s (d2) 


s 

s 

Ro 

m 

m 

m 


vs 


w 

Ro 

m (b) 


s 

Ro 


r 


b 

st-a 

r 

st-a 

r 

b 

d-a 

st 


Assignment 


CD 3 
CH 3 

NH 
CH2.3 
SO 2 
CH 2 
CH 2 

CF 
CH 
NH 
C—C ring! 
CH 
CD 3 
CH2.3 
CH 
NH 2 

cc 

C 20 

NH2 

n=c=n 

CH2 

NH 2 

CH3 

F 20 

CN 

CH 2 

CH 

CH 3 

CD 2 

CD3 

CH2.3 

CH 

NH 

CH 3 

C—c—o 
CO 

CF & CCl 
C=C—C 

W ''D 
CF & FCCl 
NH 

C 2 N 

CH2.3 
CH 
CD 2 
CC 


Name of Compound 


State 


D3,D-acetaldeh3^de 
nitromethane 
h^’-drazoic acid 
propane 
sulfur dioxide 
ethjdene oxide 
methylene chloride 
freon 
benzene 

p.yrrole 

p.vridine 

D 3 , D-acetaldehyde 
nitroethane 
acetaldehyde 
method amine 
dimethyl acetylene 
dimeth^d ether 

trichloroacetamide 
cj^anamide 
ethylene oxide 
acetamide 
methjd azide 
fluorine monoxide 
azo-methane 
C3'clobutane 
acetaldeh^^de 
method isoc 3 ^anate 
D-formaldehyde 
D-ethane 
nitroethane 
1,3,5-tri-D-benzene 
triborine triamine 
nitromethane 
ethyl alcohol 
formic acid 

chloro-trifluoromethane 

vin 3 d acetylene 


HDS 

freon 

h3"drazine 

dimeth3damine 

1 -butyne 

1 , 3 -chlorobenzene 

D-eth3dene 
oxalyl chloride 


g 

g 
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g 


g 


s 


g 



58 


INFRARED DETERMINATION OF ORGANIC STRUCTURES 


rABi.K 5. A Structural Assignment Catalogue for Theoretically Analyzed Molecules {Continued) 


\ 

P 

1 

t 

1 I 

1 

Assignment 

Name of Compound 

9.29 

1076 

vs 

1’ 

CH 

pyrrole 

9.32 

1073 

s 

)• 

CH 

furan 

9.34 

1071 

R 

st-s 

C=C 

allene 



s 

d 

CDs 

D-ethane 

9.35 

1070 

w 

st-a 

CF & CCl 

fluoro-trichloromethane 



R 

st-s 

C—C—C 

acetone 



Cx 

\v 

CD 

D-benzene 

9.42 

1062 

R 

vv 

CH 

pyridine 

9.45 

1058 

— 

b 

C—C—C 

vinvl acetvlene 



- 

t 

CH 2 

cyclobutane 

9.47 

1056 

R 

r 

CH 3 

methvl alcohol 
% 

9.49 

1054 

C 

d 

CD 4 

D-methane 

9.50 

1053 

m 

r 

CH 3 

propane 

9.51 

1052 

— 

w & r 

CH2,3 

ethvl alcohol 

V 



m 

d 

CD 3 

D-nitromethane 

9.52 

1050 

Cr 

r 

CH 2 

ethvlcne 

% 



ni 

r 

CH 3 

dimetliyl acetylene 

9.54 

1048 

vs 

st 

CF 

fluoro-methane (methyl fluoride) 

9.55 

1047 

Ro 

st 

CC 

ethyl amine 

9 . 5() 

1046 


st 

CN 

methvl amine 



vs 

r tfe \v 

CH 

pyrrole 

9.59 

1043 

vw (nr) 

i‘ 

CH 3 

propylene 

9.61 

1041 


r 

CH 3 

methvl evanide 
% % 



R 

r 

CH 3 

methvl isocvanide 



vs 

st 

CO 

D-methvl alcohol 


1 

w 

I’ 

CH 3 

methyl acetylene 

9.64 

1 

1037 

vs (dl) 

r 

CH 3 

dimethyl sulfide 



s 

h-pp 

C—C—C ring 

pyridine 



s (t) 

r 

CH 

benzene 

9.67 

1034 

vs 

st 

CO 

methvl alcohol 

9.70 

1031 

ni 

r 

CH 2 

allene 

9.71 

1030 

s 

st 

CO 

D-formic acid 

9.72 

1029 

Ro 

st-a 

C 2 N 

dimethyl ammonium ion 

9.73 

1028 

s 

W’ 

CH 2 

cyclopropane 



R 

I)-pa 

C—(C ring 

pyridine 

9.77 

1024 

vs (( 12 ) 

r 

CH 3 

dimethyl sulfide 

9.78 

1022 

R 

t-s 

CH, 

ethylene oxide 

9.80 

1020 

— >■> 

1) 

(’H 

1 , 2 -dichlorobenzene 

9.85 

1015 

ni 

!’ 

('ll. 

methyl cliloride 




st-s 

('N 

guanidonium 



VS 

r 

t’ll 

pyrrole 

9.8() 

1014 

s 

d 

(’ 

1,3-butadiene 

9.87 

1 

1013 

i 

^ i 

r 

Cli, 

azo-methane 

9.90 ' 

1010 

t 

1 )-> 

111 IE 

1 ,4-dichlorobenzene 




st 

MM’.; 

cyclobutane 

9 . 92 ! 

lOOS 

• 

st-s 

rx. 

\ l \\K\ 

9.94 1 

1006 

K, 

si 


nit root hane 


State 
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V 

I 

Assignment 

Name of Compound 

10.00 

1000 

R 

st-a 

CCl 

tetrachloroethylene 



Ro 

b 

NH 2 

acetamide 

10.01 

999 

vs 

r 

CH 

furan 

10.03 

997 


st-s 

CN 2 

D-urea 

10.04 

996 


d 

CD 4 

D-methane 

10.05 


w (nr) 

r 

CHs 

prop^dene 

995 

m 

r 

CH 2 

ethylene 

10.07 

993 

R 

st 

CC 

ethane 

10.08 

992 

R 

st 

CC 

benzene 

10.10 

990 

s 

r 

CD 2 

D-formaldehvde 



R 

st 

CC ring 

pyridine 




st 

ring 

cyclobutane 

10.19 


— 

b-s 

ring 

1 ,3-dichlorobenzene 

981 

R 

d-s 

CD 2 

D-eth^dene 

10.28 

973 

— 

st-a 

CI 2 O 

chlorine monoxide 

10.33 

968 

s 

b-s 

NH 3 

ammonia 

10.36 


Ro 

st 

CC 

ethyl mercaptan 

965 

S 

r 

NH 2 

h 3 ''drazine 

10.44 

958 


b 

C=C—C 

vin.vl acetvlene 

10.47 

955 

Ro 

st 

CC 

acetvl chloride 

10.49 

953 


st 

CC 

D-acetic acid (m, d) 

10.50 

952 

m 

r 

CH 3 

method bromide 

10.54 

949 

vs 

w 

CH 2 

ethvlene 

10.59 

944 

s 

w 

CD 

I 

D 3 , D-acetaldehy de 



R 

st 

C^C 

D-benzene 



^v 

r 

CD 3 

D-nitromethane 

10.60 

943 

R 

w 

CH 2 

1 

ethvlene ! 

10.61 

942 

s (dl) 

st 

CC 

methvl acetvlene 

10.62 

941 

R 

r 

CH 3 

D-methyl alcohol 

10.64 

940 

s 

st-s 

C 2 O 

dimethjd ether 



m 

w 

CH 

p 3 U’idine 



— 

st 

ring 

C 3 ^clobutane 

10.66 

938 

s 

w 

CD 

D-formaldehvde 

10.68 

936 

vw 

b 

CH 

prop 3 dene 

10.70 

935 


b 

C=C—C 

vin 3 d acet 3 dene 

10.72 

933 


b 

SD 

deuterium sulfide 

10.74 

931 

s (b) 

b-s 

NH 

ammonia 

10.75 

930 

s 

b 

NH 

h 3 ^drazine ! 



Ro 

st-s 

C 2 N 

dimeth 3 d amine 




st 

CC 

acetoxime 



Cx 

r 

CD 

D-benzene 

10.78 

928 

R 

st 

CN 

methyl isoc 3 'anide 

10.80 

926 

s (b) 

w 

CH & CD 

1,3,5-tri-D-benzene 

10.83 

923 

r 

CH 2 

C 3 'cIobutane 

10.85 

922 

R 

st-s 

CN 

azo-methane 



m 

st-a 

CC 

propane 

10.86 

921 

s (d 2 ) 

st 

CC 

meth 3 d acetylene 


StO/t© 


g 

g 

g 

g 
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X 

1 

V 

I 

Assiji:nmont 

1 

Name of Compound 

State 

10 .8() 

!)21 

in 

-- 

st 

(N 

1 

nitromethane 




St 

CN 

D-guanidonium 


10.88 

010 


st-a 

cr 

freon 




s 

st 

CC' 

propylene 

g 

10.80 

018 

-- 

st 

CC’ 

methvl cvanide 
« « 


10.00 

017 

s (b) 

st 

C(’ 

^ ^ A 

acetaldehj'de 


10.91 

917 

s 

r 

\ 

trans-diehloroethylene 




in 

I)? 

Nil 

triborine triamine 


10.04 

914 

— .. 

st 

CN 

methvl azide 
% 


10.05 

013 

vs 

st-a 

CCl 

tetraehloroethylene 


10.00 

012 


si 

CN 

1 

cvanamide 


11 .00 

900 

vs 

|b 

1 st? 

C=C'—C1 

CC t 

1.3-butadiene 

g 

1 1 .01 

, 908 


1 ) 

CD 

D-ehloroform 

1 

11.00 

902 


r 

CTU 

evelobutane 


11.11 

000 

— 

st 

CC 

«-butvlene 

* 1 


11.14 

807 i 

m (cl) 

r 

CTU 

methvlene chloride 
% 


11.10 

89() I 

. « » 1 

r 

CIU 

acetone 1 

g 

11.17 

805 

R„ 

st-s 

C'2N 

dimethvl ammonium ion 


11.20 

893 

Ro 

st 

C'N 

ethvl amine 


11.24 

800 ' 

s 

r 

C'll;, 

acetaUlehvde 

j 

11.31 

884 

1 

w 

i)-pp 

C (' C 

pyridine 

1 

1 

11.33 

00 

00 

Cr 

r 

CD. 

D-ethvlene 

i g 



■ — 

st-s 

C—C—0 

ethvl alcohol 

! g 

11.30 

880 

rn 

r 

CTF, 

methvl iodide 


11.38 

878 

1 

s 

st 

('N 

D-nitromethane 


11.40 

877 


st-a 

{’{'1 

freon 

' 

11.43 

875 

R 

st 

(’(' 

vinvl acetvlene 
^ % 


11.47 

872 i 


st 

N(' 

methvl isocvanate 
« » 

« 



VS 

1 

r 

CII2 

cyclopropane 

( 

g 



s 

b-a 

lii'K 

furan 


11.49 

870 i 

w 

st-s 

(’(’ 

propane 

g 

11.52 

808 ; 

vs 

d 

/ \ 
p/ >c 

cyclopropane 

1 

1 

1 

i 


1 

in 

\v 

('II 

pyrrole 

4 

1 

I 

11.53 

807 

R 

V 

('!) 

D-benzene 

g 

11.55 

8()0 

vs 

st-s 

(X) 

1 ethvlene oxitle 
% 


11.50 

803 

S 

1 

b 

Ol) 

O-methvl alcohol 


11.03 

800 

in 1 

st 

(’(' 

1 « 

1 ^Dn-aeetaldohyde 


1 

1 


Ho 

b 

skrl 

acetamide 


( 

» 



1 ) 

r 

CII 

1 ,3-di(‘hlorobenzene 


11.04 ' 

850 


st-s 

c- s 

carbon oxvsulfKle 


11.07 

i 

857 

s 

st-a 

i 

(XI 

1 

; cis-dichloroethvlone 


11.71 

852 

vs 

1 >> 

C= (’ c 

1 • 

*1 

or 
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X 

V 

I 

% 

Assignment 

Name of Coinpo 

11.75 

851 

R 

st 

BN 

triboi’ine triamine 

11.76 

850 

— 

st 

NN 

hydrazine 




st 

CC 

a-butylene 



■ 

b 

CH 

1 , 2 -dichlorobenzene 

11.78 

849 

R 

w 

CH 

benzene 

11.79 

848 

R 

st 

NC—CN 

cyanogen 

11.83 

845 


st-a 

CCl 

phosgene 

11,85 

844 

R 

t-s 

CCl 

trans-dichloroeth 3 dene 

11.86 

843 

R 

st-s 

—C—CO 

carbon suboxide 



Ro 

st 

skel 

nitroethane 

11.89 

841 

Ro 

st 

CN 

chloropicrin 

11.93 

838 


b 

ring 

A 

P3u*role 

12.00 

833 

W 

st-a 

CF & CCl 

fluoro-trichloromethane 



s (b) 

r 

CD 

1 ,3,5-ti-i-D-benzene 

12.05 

830 


st-s 

FO 

fluorine monoxide 




b 

CH 

1,4-dichlorobenzene 

12.12 

825 

c 

t 

CH 2 

eth 3 dene 

12.20 

820 

s 

st 

CCl 

trans-dichloroethylene 



(sp. ht.) 

t 

CH 2 

allene 



s 

r 

CH 3 

ethane 

1 



st 

CCl 

1 , 2 - & 1,3-dichlorobenzene 

12.25 

816 

Cx 

r 

CD 

D-benzene 

12.27 

815 

— 

b 

NH 

h 3 "drazine 

12.29 

814 

1 

w & r 

CH 2.3 

ethvl alcohol 

12.30 

813 

s (t) 

r 

CD 

% 

D-benzene 

12.32 

812 


st 

NO 

acetoxime 

12.38 

808 

w 

b 

C^-— 

eth 3 dene oxide 

12.55 

797 


st-a 

CC14 

carbon tetrachloride 

12.66 

790 


b 

(N 3 ) 

methyl azide 

12.77 

783 


st-s 

CF & CCl 

chloro-trifluoromethane 

12.79 

782 

vs 

st-s 

CCI 2 

tetrachloroethylene 

12.82 

780 

R 

w 

CDs 

D-ethylene 

12.92 

774 

s 

cl 

NH 2 

methyl amine 



m 

st-a 

c—c—c 

acetone 

12.99 

769 

— 

t 

ring 

1 ,3-dichlorobenzene 

13.02 

768 


st-a 

CCl 

carbon tetrachloride 



s 

b 

NH & CH 

pyrrole 

13.11 

763 

s 

w 

CH 

furan 

13.16 

760 

m 

st-a 

CCl 

chloroform 



m 

r 

CH 3 

acetaldehyde 

13.19 

758 

R 

b 

W ^C 1 

trans-dichloroethylene 

13.25 

755 

m 

r 

CD 3 

D 3 , D-acetaldehyde 

13.33 

750 


t 

ring 

1 , 2 -dichlorobenzene 

13.35 

749 


b-a 

ND 

D-ammonia 



R 

t 

NH 2 

hydrazine 


State 


g 


g 

g 


g 

g 

g 

g 


1 


g 


g 


1 


1 


g 
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X 


1 

I 

Assijinincnt 

Name of C'ompound 

State 

I3..S7 

\ 748 


1- 

< 

V 

('Ha 

propane 

g 


747 

1 

\v 

(H 

pyridine 


13.51 

710 

1 R 

t 

('H 2 

cyelopropane 

g 


• 

r 

(41 

l,3-diehlorol)enzene 


13.54 

730 

^ 111 ■ 

1) 

(Na) 

hvdrazoie acid 


13.5(i 

738 


st-a 

(‘('1 

D-ehloroform 

1 

13.57 

737 

vs 

, st-a 

('(’1 

metlivlene chloride 
% 

1 

13.<i(l 

732 

vs 

st 

(X’l 

chloroform 

1 

13.70 

730 


' st 

(X’l 

cyanogen chloride 




1 

I' 

(4! 

1,4-Ri(*hlorol>enzene i 


13.72 

720 

vs 

i I> 

={ 41 

acetvlene 

g 

13.70 

725 

s 

1 i)-s 

v'nvr 

furan 


13.80 

720 

\'S 

\v 

1 

(4)2 

D-ethvlene 

% 

g 

13.05 

717 

S ! 

1 

•> 

• 

rinjj;? 

trihorine triamine 


14.04 

712 


1) 

(’N 

chloropicrin 


14.05 

712 

vs 

1) 

(41 

hydrojjjeii cyaniile 

g 



Cl 

V 

(4)2 

l)-ethvlene 

% 

g 

14.00 

711 

R i 

' st-a 

(X4 

ci.s-dichloroet hy lene 

1 



1 

R 

1 

(41 1 

• j 

1 

pyrrole 



1 


l)-S 

riuir\ 

1 

14.08 1 

i 710 

in 

w 

(41 

' pyridine 


14.10 

700 

— 

st 

(' 2 S 

dimethvl sulfide 
\ 


14.20 

704 

vs 

st-s 

(X’l 

metlivlene chloride 
% 

1 

14.34 

007 

R 

st--s 

CX' 

i dimethvl acetvKnie 
« * 

( 

g 

14.41 

004 

S i 

r 

1 / ^C1 

cis-dichloroethvlene 

% 


14.47 

001 

s (t) ; 

\v 

(41 

l,3,5-tri-D-l)enzene 


14.00 f 

085 ; 

\v 

t-a 

( 4 I 2 

ethvlene oxide 
\ 



1 

__ 

st-s 

(’oS 

dimethvl sulfide 


14.04 

(i83 

s 

1> 

(41 .V: CD 

(ADIl 

«r 


14.71 

080 


stp-s 

(40 

chlorine monoxitle 




— 

In* 

rinjj; 

1,4-dichlorol)enzeno 


14.75 

00 


1) 

(41 (ac'ot) 

vinvl acetvlene 


14.00 

071 

s (t) 

W' 

(41 

benzene 

g 

14.02 

070 


1)1* 

nn*^ 

1.3-4iehlorol)enzene 


14.05 

000 

s 

W' 

(41 

pyridine 


14.00 

007 

w 

st-s 

(X’l 

chloroform 


15.0(> ' 

0()4 

«. 

st-s 

('K (X4 

fnani 


15.12 

001 

H 

W' 

(4) 

D-benzene 


15.20 

(>58 

1 

1 

1) 

(N:i' 

hvdrazoie aciu 

V 


15.22 

1 

057 

1 

st 

( 'S 

i'thyl mercaptan 


15.24 ‘ 

050 i 

R 

st-s 

1 s 

carbon disulfide 

g 

15.20 

751 

f 

4 

i. 

(N..' 

melln l azide 

1 

15.34 

052 


1) 

N i u 

uu'thvl isocvanate 
« * 




in 

11-> 

* ' < ' 1 iii^ 

l»>ridiiu' 


15.30 

1)51 

- 

s(-s 

1 X 1 

1 )-cliloroform 

1 

15.38 

050 

• 

1 ir 

1 n i L' 

1.2-dichlorobenzene 


15.43 

i;is 

1 

* 

(1 

\o 

nitrogen peroxide 
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X 

V 

I 

15.46 

647 

i 

s 

R 

15.53 

644 

R 

15.58 

642 

vs 


1 

Ro 

15.60 

641 

— 

15.80 

633 

Ro 

15.82 

632 

m 

15.90 

629 

— 

15.95 

627 


16.03 

624 

s 

16.07 

622 

m 

16.13 

620 

m 

16.21 

617 

— 

16.30 

613 

Ro 

16.35 

612 

R 

16.37 

611 

vs 

16.47 

607 

- 

16.51 

606 

R 

16.64 

601 

s 



R 

16.66 

600 

m 

16.68 

600 

R 

16.70 

599 

m 

16.80 

595 

« 

16.90 

592 

w 

16.95 

590 


16.98 

589 

s 

17.04 

587 

■ 

17.06 

586 

R 

17.24 

580 

C 

17.30 

578 

s 

17.34 

577 

R 

17.36 

576 

— 

17.54 

570 

s 



m 

17.7 

565 


17.8 

562 

Ro 

17.86 

560 

1 

w 

18.3 

546 

] 

18.5 

541 


18.55 

539 

vs 

18.65 

536 


18.7 

535 

s 


UE FOR IheORETICALLY ANALYZED AIOLECULES (Conti 


inued) 


d 

b-a 

st 

b 

b 

st 

b 

d 

r 

d 

b-a 

b 

b 

b 

d 

b 

st 

b 

b-pa 

r 

d 

b-pp 

b 

r 

b-pa 

d 

st 

b 

b 

b 

t 

t 

b-pa 

st-s 

b 

r 

b 


Assignment 


NO2 

ring 

CC 

C=C 

CCl 

C^C 

NO2 

NH 


H 

H 


H 


ring 
ring 

BH 

W ^C1 

chain 

NO 2 

c=c:—H 

CBr 

N=C=0 

CC 

CDs 

CN 2 

CC ring 

C—N=N- 

NO 2 

ring 

ring 

CCl 

N—N—O 

CD 

C=0 

CD 2 

C=CH2 

CC 

CCl 

W ^C 1 

CDs 

NH 

skel 

CF 

NO 2 

c—c—c 

ring 

=CD 

CN 3 

CF, CCl 

chain 


C 


Name of Compound 


State 


nitromethane 
pyrrole 
di-acet 3 dene 
method acetylene 
l-biitvne 
I 1 ,4-dichlorol)enzene 
1 -pentyne (also l-hex^me) 
D-nitromethane 
method amine 
cyclobutane 
furan 

triborine triamine 


trans-dichloroethylene 

vinyl acetylene 

nitroethanc 

acetylene 

methyl bromide 

meth\d isocyanate 

benzene 

D-ethane 

urea 

P3U’idine 

azo-methane 

nitromethane 

C 3 'cIobutane 

1,3,5-tri-D-benzene 

acetyl chloride 
nitrous oxide 
D-h 3 "drogen C 3 'anide 
carbon suboxide 
D-eth 3 dene 
prop 3 dene 
D-benzene 
phosgene 


cis-dichloroethvlene 

« 

D 3 , D-acetaldehyde 

P3u*role 

acetamide 

chloro-trifluoromethane 

D-nitromethane 

acetone 

1 , 2 - & 1,3-dichlorobenzene 

D-acetylene 

guanidonium 

fluoro-trichloromethane 

vinyl acetylene 


g 

g 


g 


8 


g 


g 

g 


g 

g 

g 


g 
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18.75 

19.05 

19.2 

19.25 

19.50 

19.4 

19. () 

19.75 

19.8 

20. 15 

20.4 
20.(1 

20.8 

20.9 

21 .0 

21.75 

22.0 

22.5 

22.4 

22.5 
22.7 

22.9 
25.0 

23.1 

23.2 

23.5 
23.0 

23.9 
24.0 

24.1 

24.15 

24.3 


24.0 

24.7 
24.75 
25.2 
25.25 
25.5 
25.9 
2(). 3 

20.7 
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r 


533 


525 

521 

520 

518 

515 

510 

500 

505 

497 

490 

485 

481 

478 

470 

400 

455 

448 

440 
444 

441 

430 
435 

433 

431 
420 
424 
418 
417 


415 


414 

412 


407 

405 

401 

597 

590 

5!)5 

5S0 

:’>so 

575 


I 


•S (t) 

vs 

m 


s 

s 

C 

R 


Ci 

s (t) 
Ro 


III 

in 

R 

R 

R 

R 

Ro 

Ro 

Ro 


Ro 


w 


Ro 

in 

R 

Ho 

R 

R 

H 


s 


w 

st 

1 > 

l> 

b 

1 ) 

l> 

r 

1 > 

1 > 

1 ) 

w 

1 ^ 

st 

l> 

V 

V 

st.-s 

(1 

1 ) 

st-s 

w 

r 

1 ) 

I) 

st? 

(1 

(1 

I) 

1 > 

r 

I) 

1 ) 

1 ) 

(I 

# 

(I 

(I 


I 

4 

\> 

I) 

1 l-:i 
1 ) 

1 ) 


Assiirninent 


C=C 


CD 
(’I 
HN 
()=( 

(’=( - 
S()2 
('(' 

CH 

rinji; 

C=N 
C'=C 
(’D 
F2( ) 

C('l 

(’F. (’Cl 
('!) 

NO. 

(’('1 

('F, C('l 
(’El 
(’(’1 
(’=0 
NO. 

('(' 

C’—(’-(4 
C'('l 

(’F, CC’l 

sk(‘l 

(- ( =0 
NO. 

(’—( =0 

(’—('—N 

(’.N 

rin^ 

(’.O 
('-.N 


( ' 


(4 


i ( ' I m 

C< ■ i' 


11 


« » 


( ’! , < 1 I 




(M 1 


X 


C( 1 . 

Cl X 

(. '( ' rli;iill 


Name of Compound 


F3,5-tri-D-henzene 

methvl iodide 
% 

triborino triamine 
carbon oxysulfide 
1 , 3 -butadiene 
sulfur dioxide 
C.HD 

acetaldehyde 

pyrrole 

cyanogen 

D-acetvlene 

D-benzene 

fluorine monoxide 

trichloroacetonitrile 

cliUiro-trifluoromethane 

D;i,D-acetaldehyde 

nitromethane 

carbon tetrachloride 

fn'on 

di-acetvlene 

% 

tet raehloroethy lene 

phosgene 

chloropicrin 

rt-l)utvlene 

acetvl chloride 

propionyl chloride 

fri'on 

etlivl alcohol 
acetainule 
acetaldehyde 
D-niti\)methane 
1 );t, D-aivt aUlehyde 
proi)ylene 
ethyl amine 
dimethyl amine 
triborine triamine 
dimethyl ether 
dimethyl ammonium ion 


cis-dichloroethylene 

pyridine 

In'iizene 

i lluoro-trichloromethane 

; carlnm disulfide 

c\ ;i nogen chloride 

li'l raiEloroethylene 

nu'llw 1 cyanide 
» % 

dimethyl acetylene 


State 


g 


1 


g 


g 


g 



A STRUCTURAL ASSIGNI^IENT CATALOGUE FOR MOLECULES 


65 


Table 5. A Structural Assigxmext Catalogue for Theoretically Analyzed Molecules {Continued) 


X 

V 

I 

Assignment 

Name of Compound 

State 

26.7 

375 

R 

b 

CC chain 

propane 

1 

<r 



R 

h-pp 

CC ring 

pyridine 

1 

1 

26.8 

373 

R 

w 

CH, CD 

1 ,3,5-tri-D-benzene 


27.3 

367 


d-s 

CCI 3 

D-chloroform 

! 

27.5 

364 


d-s 

CCI 3 

chloroform 

' 1 

28.2 

355 

■ 

d 

CF, CCl 

chloro-trifluoromethane 

1 

28.3 

353 

R 

b 

C=C=C 

allene 

• 

28.6 


— 

b 

CN 

metln l isocyanate 
% « 

' 

350 

m 

d 

CF, CCl 

fluoro-trichlorometliane 

1 

28.7 


R 

r 

CCl 

trans-dichloroeth 3 'lene 

i 

1 

348 

— 

b 

C C Cl 

acetyl chloride 

0 

29.8 

336 

R 

b 

* 

C C C 

meth}^ acet 3 dene 

1 

1 

1 

29.9 

334 


\ 

h 

C^ ^c 

acetoxime 


30.0 

333 

C 

t * 

CH 3 

propane 

g 

30.1 

332 

— 

w or r 

ecu 

tetrachloroethvlene 


30.3 


Ro 

b 

CCS 

eth 3 d mercaptan 


330 


b 

CIO 

chlorine monoxide 


31.25 

320 


t 

CF ^F, CCI 2 

freon 


32.8 

305 

— 

d 

CCl 

carbon tetrachloride 


33.3 

300 

R 

1 

fb 

llr 

CCI 2 1 

c=oj 

phosgene 

1 

j 


34.5 

290 

R 

' }) 

C—N=c 

methyl isocyanide 


35.3 

283 

R 

cl 

CCI 2 

meth 3 'lene chloride 

1 

36.4 

275 

C 

t 

CH 3 

ethane 

g 

37.0 

270 

s 

t (int. 

rot.) OH 

meth 3 d alcohol 

38.2 

262 


d-a 

CCI 3 

1 

D-chloroform 


38.5 

260 


t 

CF ^F, CCI 2 

freon ' 





d-a 

CCI 3 

chloroform 

1 

38.6 

259 


b 

CN 

meth 3 i azide 


40.1 

249 

m 

d 

CF, CCl 

fluoro-trichloromethane , 


42.2 

237 

R 

d-s 

CCI 2 

tetrachloroeth 3 dene 


42.9 

233 

C 

t 

CH 3 

methyl amine 


43.3 

231 

R 

b 

CC 

di-acet 3 dene ! 


44.25 

226 

s 

b 

NC—CN 

C 3 'anogen ' 


45.9 

218 

R 

d 

CCl 

carbon tetrachloride 

I 

46.9 

213 


b 

chain 

dimethyl acetylene 
« % 

<r 

50.0 

200 

C 

t 

CD 3 

D-ethane 

<r 



C 

t * 

CH 3 

propane 

g 

57.8 

173 

R 

b 

W ^C 1 

cis-dichloroethylene 

V 


61.3 

163 

Ro 

st 

C—CN 

trichloracetonitrile 


68.9 

143 


b-pp 

ring ' 

cyclobutane 



* Alternative assignment exists. 




Chapter V 


APPUr.ATION 


OF THE INFRARED METHOD TN PRACTICE 


The two general types of prolileiiis in the iden- 
tifieation of oi’jianic molecule's were mentioned in 
C’hapt(M‘ II as being (1) the rationalization of one 
of a s(M’ies of proposed structures with the actual 
absorption spectrum, and (2) the proposal of 
})ossi})le elementary groups present in an un¬ 
known structui’e by analysis of the absorption 
spe'ctrum and from general chemical and physical 
evide'iice. Kventually, the second problem always 
drifts into the first one during the progress of a 
com])l<*te investigation. The examples which are 
described in this chapter should in no sense be 
regarded as complete investigations. 

The first problem is handled by the previously 
described techniques of band interpretation and 
requires little discussion, but a number of exam¬ 
ples will be cited. The usual method is to take 
the structures proposed and note the bands which 
would be expected for each on a basis of the gen¬ 
eral knowledge. This work may often require new 
model compounds. The structure which most 


nearly fits the spectrum is then subjeeb'd to chem¬ 
ical verification and further comjiarison with 
models of closer identity. 

Among the amide spectrograms is one, e-phenyl 
caproainidc (Plate 7S), submitt('d for testing 
when the compounds of this group w(*r(‘ being col¬ 
lected.’" Tlu'chemist was n'asonably c(*rlain that 
this was the corn'ct structure* from tlu* analv'^is 
and nu'thod of prc'paration, although the* hdle'r 
was a liftk* unusual. lOxaminalinn ol lin' >piT- 
trum shows lliat (lu* ideiit ilica t ion is ceMlainlv 
cori’i'ct, for all li\'(' bands wliieh are* to Itr e‘\|n’ch‘il 
from tbi group were present." 


Freeiuently, the information that the spectrum 
is incompatible with a given structure can be 
sufficiently positive to make such evidence of 
value. Thus, the compound listed in some cur¬ 
rent catalogues as 2-mercapto-thiazoline should 
have absorptions at 4.0 g for the SH group and 
between 5.*) ju and 0.3 p for the C=N group. In¬ 
stead, it has a band at 3.20 g and another at 
().(>! p. These were interpreted as an NH group 
band and the complex sulfur-nitrogen absorption 
des(*i'ibed on p. 5. The new proposed structure was 
therefore 2-tbio tbiazolidone. 



Attempts to prepare compound I in the Univer¬ 
sity of Michigan chemistry laboratory always led 
to compt>uiul 11, making it somewhat doubtful if 
compound I can exist without rearrangement. 
Subsequent chemical tests for SH were also 


negative. 

As a second example of this approach, a white 
crystalline compound of analysis CioHi 7 N 04 b 
was obtained from the reaction of 2,5,5-trimethyl- 
A“-thiazofine-4-carboxv 
teiu‘.'“ The chemical : 
ti(»u of one molecule of ketene and one of water, 
ilu' -ource of the water being unknown. A nunv 
lu i i»f formulae were proposed for the resulting 
conijHtuiul, among which were: 



methyl ester and ke- 
malvsis indicated the addi- 


'" I>. \\’i‘ Ini Vi I 'll V '»! M 
11 Ct. r i II. p. 10. 


VoiiU( >y ol W. K. Uiirhnmnu and K. Jonnor, Uuivorsity of 
Mnlniiun. 


hh 





APPLICATION OF THE 


INFRARED METHOD IN PRACTK’E 



CHt—C 


CH 


CH 


C 


0 


CHa-C: 


C-CH3 

obT 

^N- 

—CHCO2CH3 


O 

1 

=0 


CH3 

(II) 

0 

11 

CH^C- 


CH3 

-s- 

-c:—CHj 

CH-C- 

-N- 

-CHCO2CH, 

(1 

H 

CH 



0 


CH3 

C-CH3 


CHCOXH 


H 3 O 


(I) 


CH 


CH.-C 


CH 


S-C—CH 


N—CHCO3CH 

I 

H 


CO.H 


(III) 


CH 3 

HS—C—CH 


0 


H 


CH—o—N—CHCO2CH 


dimeth 3 'lc 3 ’.steine. The acid corresponding' to 
compound was later identified tentati\ely in 
another series of experiments, and the spectrum 
of it is given in Plate 2 for a comparison of the 
similarities. 


coa^ 
CO CO coco 



Plate 2. N-Acctoac■t'tyl-^^.|:^-tliIm'thv!cvste 


me. 


(IV) (V) 

dhe spectrum is given in Plate 1. Significant 
bands occur at 3.04 g, 5.74 g, 5.90 g, 6.06 g and 
6.47 g. Formulas of the type of I, H and III can 
e eliminated for lack of enough double bonds or 
appropriate special groups to account for the ab¬ 
sorptions. Either IV or V would be satisfactorj'^, 
foi the amide group would account for the bands 


The more difficult phase of the general pi'oblem 
IS the second one, namely, proposing po.ssible 
structural elements in an unknown compound. 
Here it is easier to give negative than positive 
information, although even the negative informa¬ 
tion is often subject to reservations. When the 
compound is completely unknown, the history of 
the process is often helpful. In treating N-ben- 
zoyl-N-methyl urethane with phosphorous tri¬ 
chloride a mobile oil was obtained which was 
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NS-Ac(‘tyl-j(3,|S-dimethylcysteine methyl ester 


at 3.04/X, 6.06 ju and 6.47 /x, the known ester cor- 
I’esponds to the 5.74 /x band, and the 5.90 ^ band 
could be caused by either the thiolester carbonyl 
cf IV or the ketone carbonyl of V. Compound IV 
■^as then synthesized and found to be identical 
yith the unknown. From these results the chem¬ 
ists concluded that the original thiazoline had 
contained considerable uncyclized N-acetyl-/3,/3- 


definitely not the expected acid chloride.'* The 
spectrum is given in Plate 3. Significant bands 
occur at 3.0 g, 3.25 g, 6.00 g, 6.24 g, 6.31 g, 6.5 g 
and 6.70 g. It will be noted that there is no band 
in the vicinity of 5.6 g, dehnitely ruling out the 
acid chloride carbonyl structure. The bands at 
3.25 g, 6.24 g, 6.31 g and 6.70 g are characteristic 
of a conjugated phenyl group. Considering the 
origin of the compound, the strong band at 6.0 g 
is probably from an N-benzoyl group. The bands 
at 3.0 g and 6.5 g are properly located to be ac¬ 
counted for by N-methjd benzamide, but they are 
rather too weak, and this compound is clearly not 
N-methjd benzamide from its other physical 
properties. On the whole, the .spectrum most 
nearly resembled that of N,N-dimethjdbenzamide. 
The chemists therefore made the suggestion that 

this was N-chloro-N-meth3dbenzamide, which 

'“Courtesy of W. E. Bachmarm and Marshall Cronyn, fni- 
versity of Michigan. ’ 
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would |)!’ohnl)ly ('nrry soiiu^ N-in(‘thylI)eiizanude in 
solution Irom hydrolysis, and so could account foi 
tli(‘ weak d.O M and (i.d m hands. No further 
attempt was made to (*onfirm this, hut tlie ideiiti- 

lication s(‘('m(‘d ]a)siti\'('. 

Th(‘ previously iiKMitioned ketene-thiazoline 

nsaction is a very interesting one from the chemi¬ 
cal standpoint. \’ery litth* is know!i about ketene 


cule of 2,o,o-trimethyl-thiazoline-AM-carboxylic 

acid methyl ester. The spectrum is given in 
Plate 4. There are hands at 5.74 ju, 5.94 /z, 6.05 ju 
and ().54 /z. There are no bands at 3 y. other than 
those of the C’H vibrations. Therefore there is 
neitlier NH nor OH present. There is no SH, nor 
would it ha\'e been expected. The only known 
band combination which would couple two or 
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Pi.ATI: 3. N-i'liI<no-N-inct livl hcnzamiilo. 

as a reagimt at pr(‘s(mt, and in a])]dication to 

thiazoIin(‘s a number of totallv unknown com- 

« 

pounds wvw produced," Partial infrared studies 

wer(‘ mad(‘ of four of th(‘S(' compounds. 4'he 

cluunical (‘vidcmcc' with sonu^ help from infranni 

analvsis (‘stablislual structun's foi* thr(*e of tlu'se, 
« * 

but, in tlu' cas(' of flu' fourth, tlu* structuiT^ which 
has be(Mi tentativ(‘ly accepted is not fully cor- 
relatcal with the infrartal spc'ctrum. d'lu'sc^ com¬ 
pounds ar(‘ ti'(*at(*d luax* not so much as exampli's 
of successful infrarcal int(‘rpr(‘taiions but as an 
illustration of tlu' beginnings aiul approaclu's 
whicli are tlu' basis of tlu' iiK'lhod. 4'inu‘ did not 
pcM'init of niori' Ilian single spt'clrum interpiTla- 
tions. 

The lourtli '*om|>omid was a<‘lual!\ ihe jiaienl 
compound ol llie >erie-, and le-iilleil Irom ih,' 
addition (>1 Iwii m«i|rcuk‘> o) kePnie to oiir i 
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Pi,All: \. Ki‘triu‘ irartion pro<lui*l from *J.3.3 trimethyl 

lliia/.nlim'-l-raiiioxvlic nritl mollivl osier. 

» » 

more bands in this case is the amide group, but 
the NH baiul at 3.0 g is absent, so this is not a 
possibility. 4'he four baiuls must apparently be 
interpreted st»parately. An ester group was known 
to bi' present in the original molecule. This type 
of riaudion would not be expected to affect it. 
TluMxd’ore. the baiul at 5.74 y may be st'Ciu'ely 
a.'^sigm'd to this group. From its occunvnee at 
the normal 5,75 y position, it is also unlikely that 
it has become conjugated in any way. The band 
at 5.94 y is in an indeterminate region, but its in¬ 
tensity indicates that it cannot be from a C=C 
% 

\iI>ialion. From their similarity in shape and 

inliMisity to the 5.74 y band it might be surmised 

that tlie 5.91 y and (>.05 y bands have their origin 

in l arbunyl \ ibrations. 'Hie 5.94 y band could be 

c:iu>ed with .aliout equal likelihood by a thiolester, 

l.iviain, or ketone carbonvl. Theiv is also a very 

% 

gill po^'^ibility that it is caused by a conjugated 
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ester group, or even a straight chain C=N. By a 
similar consideration of the known structure 
groups, the 6.05 m band is most likely to have its 
origin in an N-acyl carbonyl group, but might 
arise fi om almost any type of C=N group or 
even a conjugated ketone. 

Ihe band at 6.54 is anomalous, since none of 
the known sources of bands in this region .seems 
admissible in this case. Neither the amide, car- 
boxylate ion, thioureide ion, or nitro group is 
chemically possible here. 

The structure assigned to this compound by 
the chemists, on a basis of the degradation reac¬ 
tions, was that which was expected from the reac¬ 
tion, namely, 

CH3 

CHj ,s—C—CH3 


H,C 


0 




I 

c 


N—CHCOXH 


0 


c 

H2 


Except that there does not seem to be any ade¬ 
quate explanation of the 6.54 fj, band, the spec¬ 
trum is quite compatible with the structure sug¬ 
gested. The 5.94 jj, band is easily assigned to the 
ketone carbonyl of the piperidione ring, and the 
6.05 II band can arise from the N-acyl carbonyl in 
the same ring. There is no NH or OH as required. 
Assigning an origin to the 6.54 fx band has been of 
considerable interest, but has met with no success 
thus far. From the knowledge that this region is 
occasionally invaded by absorptions from the 
single-bonded vibrations of nitrogen, this atom in 
the molecule seems most likely to be involved. 
Model compounds of this type, however, do not 
in general have such an absorption. Currently, 
therefore, the knowledge of this compound must 
be regarded as unsatisfactory, owing largely to 

the cursory nature of the infrared studies made 
upon it. 

The second compound which will be considered 
was obtained by treating the previous compound 
briefly with methanol and alkali and then acidi¬ 
fying it. About 5 mg of a definite compound were 
produced but it was found to be difficult to repeat 


the preparation. The entire sample was dedi¬ 
cated to an infrared test, with the result that this 
is the only information available on the material. 
Fortunately, the infrared results were fairly con¬ 
clusive. Reference to the spectrum in Plate 2 will 
show that there are absorptions at 2.99 yu, 4.07 yu, 
5.06 5.80 fx, 5.89 fx, 6.20 fx and 6.44 fx. The band 

at 2.99 M is from either NH, OH or both (the reso¬ 
lution on a salt prism is not always enough to 
separate close bands here at 3.0 yu). Bands like 
the ones at 4.07 // and 5.06 yu have been observed 
repeatedly in the spectra of the a-amido acids, 
although not all such acids show them and their 
origin is not at all understood.*^ Turning to the 
double-bond region with these facts in mind, it is 
next desirable to consider what combinations can 
be made of these bands. A pairing of the bands 
at 6.20 M and 6.44 /x, as arising from an amide 
group, —CO—NH—, is greatly strengthened by 
the presence of the necessary NH group band at 
2.99 M and is further supported by the two amido 
acid group bands at 4 ^ and 5 m- It is then easy 
to recognize the band at 5.80 n as being in the 

appropriate place for bands of the acid carbonyl 
of an amido acid. 

This leaves only one band (at 5.89 m) requiring 
assignment. Reference to the information on 
bands at this wavelength, either in the table in 
Chapter IV, or in the classifications of Chapter I, 
shows that of the types of carbonyl vibrations 
described there this band might be caused by either 
another acid group, a ketone, lactam, or thiolester 
This is as much as can be said from the spectrum 
alone, but from a knowledge of the chemistry of the 
compound it is possible to go further. If the com¬ 
pound is an a-amido acid, it certainly involves the 
structure 

9 CHa 

II H 

—C—N—CH—C—S— 


HO 


\ 


CH 


0 


since this is basic to the parent compound. It is 
now required to place another carbonyl bond 
somewhere. The lactam is clearly impossible since 
the only nitrogen atom is already in use. To 
complete the structure as a thiolester would give 

“ Cf. p. 13 and records of this type of compound. 
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\S-(liM(‘otyI-^./i-(linu‘thylcystoine, a compound 
which was i)rcviously examined (p. ()7) and 

which (lo(*s not have tlie same spectrum. 

It is difhcult to rule out a second acid j 2 :roup, 
(‘spc'cially in vi('w of tlie lack of knowledf^e of the 
(‘ini^irical formula, hut the chemists did not feel 
that any r(‘action which would give such a com¬ 
pound could he even likely here. C'omparison of 
th(‘ sp(‘(*tium with that of N-acetyl-/3,d~dimethyl- 
(*yst(‘in(‘ show(‘(l a sti’ong similarity, especiall\ in 
the slruclur(‘ of the region l)etw(U‘n iko g and 4.1 
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for the ester and CoHigOgNS for the acid. Plates 
5a and 5b give the.'^e .spectra. The ester com- 
poniul .sliows significant bands at 3.10 ix, 5.72 ju, 
0.23 M and 6.50 n. The acid compound has 
corresponding bands at 3.03 5.8/ fi, 6.39 /x and 

6.60 M. " ith two more bands at 4.19 jx and 5.25 m. 
The bands at 5.72 /x and 5.87 /x obviously ari.se 
from the ester and acid carbonyl groups, respec- 
ti\-cly, and so may be dismis.sed from further 

consideration. 


ri..\Ti': 5a. Methannlysis prndiict. 

\vher<^ the hand of tlie SH vihration is expected to 
occur hut is mask(‘d hy the amido acid group 
hands. Thus, tlu^ ketoiu* was advaiuaal as the 
most likely group to account for the o.Sh g hand, 
and th(‘ final structure proposcal, N-acido-acetyl- 
/3,/?-dim(‘thylcystein(\ met with gcuuu’al favor both 
as (‘Xi)laining the infrarcal spectrum and as a liki'ly 
transitory jn-oduct in tlu' siaiuerua* of riaictions 
h(‘ing studi(*d. It might lu^ riMuarkcal that admis¬ 
sion of N-acetoacetyl-d,d-dinu‘t hylcysh'iiu' as a 
d(‘gradation product wouhl gn'atly striaiglhen llu^ 
cluMiiical (*\'id(‘nc(* lor th<‘ pipt'iidioiu' '^trucluic ol 
th(‘ parent product. 

'rh(‘ third and fourth comjxtimd- weiv an r^P'i’ 
and acid having the sanu‘ iia'-ic .^l i iicl ni f. I hr.-e 

comixxuMI.'' were ohi aiina 1 h\ 11il l 1 u r 1 11 ai 1 1 luaii ^ ol 
1ii(' paiciit cunipoiind. llu- (‘."tei' in paiinailai' <atin- 
ing from mcl lianohc lit I (h'grada I ion. Mu- rni- 
pii’ical fMriinilav were e.-'lnhlislual a> t’l.dliD.AS 
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I’l.vtk o1>. Alkali hydrolysis product. 

As in the previous instance, the combination 
which springs to mind immediately on seeing the 
entire set of hands observed in the acid is an 
a-ainido acid group. The 4.19 and 5.25 ^ bands 
make this especially appealing, but the extivme 
position and low intensity of what would need to 
he (*alled the Amide I band at 0.39 m are certainly 
(hderrents. It seems probable now from the chem¬ 
ical behavior of this compound that the a-amido 
acid is an unacceptable structure. When this be¬ 
came evident, the chief pertinent and certain fact 
from the infrared data was that OH or NH was 
pK'stMil, as shown by the 3.10 fi band in the spec¬ 
trum of tlie ester. 

A> witli the other compounds of the series, the 
burden of the elTort lay on the shouldei's of the 
clu inists, since this problem was not specifically 
one in which the Univert<ity of Michigan ObRD 
infrared group was concerned. From extended 
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degradation experiments, they concluded that it 
must have the structure 



One of the most interesting aspects of these 
compounds is the pair of bands at 4 g and 5 n, 
which have heretofore been found only with 
amido acids. At present it is not known how 
these bands arise. When this is understood it 


istry, where the infrared approach to the 
of penicillin will be discussed.''^ 


structure 


To many the procedure in identifying molecular 
structure groups will now be self-evident if it was 
not so already. Many others will prefer to pioneer 
new lines of approach in their mental organization 
of the problem. At the risk, therefore, of becom¬ 
ing didactic a summary of the methods implied in 
the foregoing examples has been included as a 
series of steps which can be made to glean the 

evidence av ailable from the mere absorption spec- 
trum alone. These are: 


may be found that the conditions are fulfilled 
heie. Organic chemists cite a generalization 
which they call “the principle of vinylology/’ in 
which it is asserted that the effects of any given 
gioup are transmitted through the vinyl group. 
If this principle may be extended into the inter¬ 
pretation of the infrared spectrum, the group 

0 H 

—C—C=C—N— 


O H 

may be equivalent to the group _C_N— , and 
so the compound above might be expected to give 
a spectrum somewhat similar to that of an amido 
acid. This point will bear further investigation. 

It is necessary to emphasize at this point that 
the foregoing examples have dealt only with what 
information could be obtained from the simple 
3'8 M absorption spectrum of a compound in com- 
ination with other standard chemical or physical 
ata. In fairness to the infrared method it must 
e lecognized that, when the desire for knowledge 
n out a particular compound justifies gi\'ing spe¬ 
cial attention to it (as was not the case with any 
of these which have been mentioned as examples), 
f en there are many other means of securing evi- 
ence which may be brought to bear. Deuteriza- 
tion, for example, can be used to bring out the loca¬ 
tion of the labile hydrogen atoms, and thus the 
presence of an amide group in compounds III and 
could quite rigorously have been tested as dis¬ 
cussed in Chapter II. An excellent example of the 
application of a variety of methods to the struc¬ 
ture of one compound will be found in the infrared 
^ction of the forthcoming monograph of the 
ational Academy of Sciences on penicillin chem¬ 


1. Record all bands of intensity greater than 
10% between 2.8 ^ and 3.4 m; 3.5 m and 
5.4 m, and o.4 m and (3.8 m. Give these 
strong bands primary consideration. Weak 
bands may later be considered in searches 
for SH, phenyl rings, or C=C bonds which 
might be suspected of producing conjuga¬ 
tion effects with some of the stronger bonds. 

2. Bands in the first region mentioned in (1) 

may be securely a.ssigned to NH, OH or 

both. Absence of a band is usually excel¬ 
lent negative evidence. 

3. Bands in the second region should be scru¬ 
tinized for their possible assignment to 
carboxylic acids, hydrochlorides, sulfhy- 
dij4, triple bond, a-amido, or amino acid 

absorptions. Research is needed to clarify 
this region. 

4. Bands in the third or double-bond region 
must be considered in combinations which 
might be attributable to a single group. 
The known combinations have been de¬ 
scribed at length in Chapter II. 

5. The extent to which the absorptions in the 
3-5 M regions confirm or supplement these 
combinations must be considered. 

6. The likelihood of conjugation and sym¬ 
metry combinations among the structural 
groups responsible for the strong bands 
should be weighed. 

7. If all or certain bands must be given inde¬ 
pendent significance, the structure groups 
that are possible explanations of them, 
without considering conjugation, should be 
enumerated. Such typical structure groups 

« Under OSRD agreement, the authors are not permitted to 
enlarge on this subject here. 
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ni!iy he found either by the use of Chapter I, 

or the table of ('hapter III. 

8 Since ('=(’ boiuls can be of extremely low 

intensity and still exercise a full effect on 
tiu' location of a band which may be of fai 
greater intensity, it is necessary to consider 
tlie possibility that a lone band has been 
shifted by .1 m t<> .2 m to longer wavelengths 
from its normal position. Usually it i.s de¬ 
sirable to locate some, indication of the C=C 
group absorption which might be coupled 

with this. 

9. C'onsider the possibility of hands of multiple 
significance (such as those assigned to 
urethane carbonyls). 

10. Look in the long wavelength region for sup¬ 
porting evidence for NH 2 amides, esteis, 
ethers, phenyl groups, nitro groups. 

11. If I'eeords are available not taken in a 
paraffin base, the types of ( H bending 
vibrations present may be noted. Methyl, 
methylene and isopropyl groups are easily 

distinguished. 


When the problem degenerates into that under 
(7), the chemical and physical evidence available 
from other .sources becomes of immen.se impor¬ 
tance helping as it does to eliminate trivial bands 
and irrelevant structures from consideration; and 
to confirm the interpreter’s conjectures. 


Ph.VC'I'K’E Sl’EC'I'R.V 

The only way that one can actpiire the skills and 
experience which these techniiiues recpiin' is by 


examining the spectra of a great variety of com¬ 
pounds, and by making actual interpretations 
himself. To facilitate the former, the spectra of 
some three hundred and twenty-five diversified 
compounds have been reproduced in full. To 
accompli.sh the latter, 11 compounds have been 
selected and their spectra are given in Plates 6 to 
16. It is .suggested that the reader who needs 
experience in analysis may find it interesting and 
worthwhile to derive, first of all, as much infor¬ 
mation as possible from these spectra alone, and 
then to take the physical and chemical data on 
each compound which might with rea.son be known 
and carry the identification on further if possible. 
Finally, the structural formulas for these com- 
pound.s .should be scrutinized so that expeiience 
may be gained in the use of hindsight as a supple¬ 
ment to foresight. 

The interpretations given here were made by 
three investigators of varying degrees of experi¬ 
ence in analysis who had no previous knowledge 
of the nature of the compounds. Chemical deduc¬ 
tions from the interpretations were made by two 
of the analysts only. A high degree of unanimity 
was found between the .separate interpretations, 
which were tlien compiled into a single report. 
The.se interpretations may be helpful in giving the 
reader who attempts this practice program in 
analysis .some measure by which to judge the 
completeness of his work after each of the three 
steps. In these interpretations, the assignments 
which might be given to a band are listed in order 
of greatest likelihood as judged by the analysts a 
priori. Structures characterized by more than 
one band are identified by a brace about their 
trrouned wavelengths in the Bands column. 
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iW umber 

Empirical Formula 

Description 

(i 

r. 11 

Yellow ni'isins, inp 113°C\, v. s. hot water, alcohol, 
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NcctlK' crystals, inp 01® C\, soluble hot aleohoh 
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Plate 6. Frupamtioa: Nujol paste. 



Example 1 

Plate 6 


Remarks 

So weak that it is certainly from no more than one NH or OH gi'oiip. 

Phenyl compounds often show a series of low intensity bands in 
this vicinit}'. 

Occurs as weak sidehill of 6.29 band. 

Not an amino acid C02~ 

Bands available for st-s at either 6.8 or 7.4. AVavelength is rather 
short for this, however. 

Probably too strong for this choice. 

Supported by 3.02 band. Somewhat too strong. 

It seems highly probable that the benzene ring is present. The assignments of the 6.29 band are about equallv 
* 6ly. No carbonyl groups are possible other than the carboxylate ion. 

Empirical formula: CeHsOgN. 

Description: yellow prisms, mp 113° C., vs hot water, alcohol, ether. 

Assuming the benzene ring indicated above, which seems substantiated also by the small proportion of hvdro- 
gen, the absence of carbon bands makes it nearly certain that the oxygen atoms are on the nitrogen in a nitro 
group. The only explanation for the 3.02 band is now OH. The compound is a nitro phenol, on the basis of 

rnis reasoning. 

Actual compound: p-nitrophenol. 


Band 

Observed 

3 . 02/4 

4.23 

4.54 

5,17 

5,61 

6.2 

6.29 


6.70 


Possible Assignments 
NH or OH 


Benzene ring vibrations 


Benzene ring vibration 

C=N 

C02“ 

st-a NO 2 

C=C 

NH2 

Benzene ring vibration 
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rLATi- 7. Pri’jKinition: Xiijol pastr. 


Kxampli-: 2 


Plate 7 

Band 

Ob.serred 

4.24 

etc. 

5 4)7 
5.88 


Possible Assignments 
Heiizene riiiy; vibnitions 


Pcniarks 


Indicative. 


().2l 


().48 


(3.0 


Ketone or aldc'liyde 
('onjnj^ated ester 
Lactam * 

lienzeiie rinj^ vil)ration 

C=V 

NOo 

B(‘nzene rinj»: vil)ration ( 2 ) 


4 'o(> weak to he essentially sij;nificant, phenyl, perhaps. 
CVrtainlv a carbonyl. 


A litth' too intense. 

Not a conihiiiiii}; hand. Siipportins st-s band at 7.38. Cf. p-mtro 
luMizoic acid. 

Occurs as w(»ak sidehill of 0.48. 


Empirical formula: (’ 7 U'1- 

Description: needle^ crystals, mp ., soluble hot aU‘olu)l. 1 i «« rmcr 

A.s in the pivc-cdino; case, the .•<inall liydioson conhait and hand.x ohsorvod indicate strong y ^ 

One oxygen atom is in a carbonyl group. 'I'lm other two seem from tlie emp.neal formula to be best exp a 
bv tlic NO. group. Starting tl.en willi nilroben/,.M.e. tliere are three remaining atoms to ’ 

one chlorine, and one oxygen atom. Since llu- oxygen atom is located in a carbonyl group lAdcal 

or kcdoia*), a chlor-iutrobenz;ildeh\de suiiiie>t> it^ell a." llu' most prt>bable stiuctvno, on the UMS o u 

formula and infrared spectrum. 

Actual compound: p-iiit robcu/o\ 1 cliloildc r 


* Katln‘1' iitililM-lv ill VH-w of lln- mt \ll it i 

t ( \ mil loll li:i' si nil 1 * 1 1 1 In- irirl- ms I Imii-I imn 1. : - • ■ t,. t P-:»n it I 


t wt) l»:iii< I- in I 111' 11”.:!' 'll, oni- «il \\ lin-li i- "1 nnl' mi iw n "i . • 

till- hior.- roiiip ililtl-- wiili III- n-HMinl p"'iM..n ti- I - ■ 

;i! .'(.77 I- ' prop- I’ rli'tl'-'-. 


r t II I I. G i 11 ' 4 h 


ii.m It o 'liil'it tl in ln'n/.ovl chloride. Benzoyl chloride, howeMfs 
I h hi fii iMi.-'hnnai V lo assimi tl)e bund at 5.()4 to this* group, 

. M,!. - In tiu' liiilil itf ihi.< n'snh, however, it is ptvrvdble that the 
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Plate 8 


Example 3 


Band 

Observed 

3.57 ix] 
4.26 j 
5.91 


6.27 


Possible Assignments 

Acid OH, bonded 
Acid C==0 


Keto C=0 

Conjugated ester C =0 

C=C 

C=N 

Benzene ring vibration 


Remarks 


N=N 

CO 2 - 

NO2 


Empirical formula: C 10 H 10 O 3 . 
Description: acid, mp 116° C. 


Possibly conjugated. Band may be double, considering its 
intensity. 

May be conjugated. 

About the right intensity. 

Too weak for this. 

Enhanced by conjugation or disubstitution. There is some indica¬ 
tion of complementary absorptions at 4-5 g, but the other 
chaiacteristic absorptions are S3'stematically concealed. 

Situated properly, but too weak to be seriously considered. 




unusual intensity of the 5.91 band. 


a carbonyl group. The latter probability is favored ow 


ing to the 


Assuming the presence of a bensene ring and a carbonyl group, one is led to suggest the following structures: 


0 


/• 

CeHsC—CHaCHoCOoH 


O 


CH3C6H4C—CHoCOriH 


O 


CgHsCHaC—CHaCOoH 




0 

/■ 

CaH5C6H4C—COaH 


0 


CfiHsCHaCHaC—COoH 


0 

CeHsC—CHaCH2CO,H 


Actual compound: 
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Plate 8. PrcjKiraUon: Nujol pash*. 


Plate 1 ). Pivpanilion: Nujol paste 


I'lXAMI’LK 4 


Plate 9 



Hand 

Ohscrred 

Passible 

;U90 fx 



4.1!) 


4 fjL hands of an 

4.i)() 

().()8 


Amino acid I 

(>. 2 l 


(^> 2 “ 

(). oS 


Amino a(*id 11 


R(fnarks 


Alt('rnativ(‘ assifiiiiutaits eaii ho made, hut the whole spectrum 
soonis without (piostion to iiulioato an amino acid. 


lani)ii‘ical foniuila: ('sH.iOjN. 

Di'scription; inp. ‘iolUt’., v. si. sol. IhjO, alooliol. 

NH > and ('O^II groups an* iMdicat(‘d l)y tlu* sp(*ctnun. 4'his leaves a halance of C 7 H 0 . The small proportiim 
of hydrogen imnu'diately sugg(*sls a hen/A'iu* ring, altlunigh there is no indication of it in the spectrum. It is, 
howev(*r svstemati<*allv conceal'd if presi-nt. A reasonalde assumption is that the compound is either an amino- 
tolnic acid, a-amino-plienyl-glyciiH*. an aminomi'thyl-honzoic acid, an N-methyl aminohenzoic acid, an anuno- 
pla'iiyl acetic acid, or N-ph('nyl glyciiu*. On tla* whoK* tl»e spectrum indicates an NHo amino acitl rather than 
an Nil typt*. ('ompurismi witli tlu* specirmn of X-pltenyl glycine t*liminates this compound. 

Actual eoinpound: p-aniinn-pli('M\'iarct ic ;icid. 
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Plate 10 


Band 


Observed 

Possible Assigjiments 

3 fi 

5.39 

C^N 

5.39| 

5.65/ 

Anhydride C=0 

5.39 



5.65 


Diac 3 fiimide 

5.89 

i 


5.65 


Ester C—0 

Lactone C=0 

5.89 


Ketone C=0 

Ester C=0 

Lactam or urethane C=0 

6.27 


C=C 

C=N 

N=N 

6.27 



6.63 


Benzene ring vibrations 


Example 5 


Remarks 

There is a slight indication of a sidehill 
probably not significant. 

Long wavelength for this. 


at this point which is 


3 M band should be much stronger to make this valid, unless the 

nitrogens are substituted. General intensity balance among 
bands unfavorable. ® 

Wavelength is .short for a solid ester, but not prohibitive. 

If conjugated, would be equally valid with other choice. 

cyclic or else conjugated. 

Conjugated. 

Must be N-substituted. Relatively unlikely, being a rare sort 
of compound. 

Must be either cyclic or conjugated. Band is very weak for this 
cnoice. 

Limited po.ssibility, owing to rarity. 

to this. 6.63 band is very weak compared with the 6 27 band 

so that a substituted phenyl ring is indicated rather than a 
conjugated ring. 

Empirical formula: C 15 H 15 O 3 N. 

Description: mp 76° C., non-acidic, prepared in sterol research. 

Comments on the structure cannot be extensively enlarged after knowledge of the emnirical fnrrr.. 1 ■ .u- 
case. More knowledge is needed than is available from the limited evidence presented here The mo t "1 ' T 

intuitive comparison of the possibilities listed. * ^ ^ Piefeience based on an 

Actual compound: 


H 

•C 


0 


HC 



HCs^ XH2 

HC ^ ^CH, 


CH—CH—CN 


CO.,CH 


citri.J*'® ‘"bared method is the frequency with which intuition is rnrropt In • 

et:rur tvht: tr 
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Plate 11 

Band 

Ohsfared 

2. m y. 


4.2l| 
4. (i7 I 


o.lH 

0.09 

0.57 


0.09 


0.5S 





Pl.ATK 10. I*ri‘[)ai'ati()ii: Nujol paste. 


Possible . 1 ssif/nnirtiIs 


OR 

XH 

BoruU'O ()H 
HoikIcmI nr 
Pficrnl 


Arnidc’ 


o=x 

XR._, 
X( ),> 

0---X 


_0 

— lq <T>rO 

.•NifsJ csiKi 

III! 


’S> 

I \ 


O S 
r-' o 

in lO 

\ I 


i— <s> 
m CO 

lO is> 
I t 


CD rf — 
csi Lor^ 

I I I 


0^0 r-- 

'vD 

c6o6 cb 
t I I 


im 


ii:: 




. ui/ 


1 ir. 




i: 




i ■ iii'j 

"I • . 

iil:. ^ 


I ; 

'ri 


•:t; 

,15;.. 




Plati-: 11. Preparation: Nujol paste. 


[example G 


Remarks 

The l)r('a(lth of this hand indicates that siinph* NH is unlikely 
Prol)al)ly OR or XR 2 - 


Probably trivial. 

The sharp :b0 y band would have to lie hidden in the broad 2.93 y 
l)aiul. Tlu' lhr(‘(‘ bands lack the distinctness of the usual amide 
bands. Rowt'ver, the inten.sity balance is quite normal for an 

ainid(\ 

4'oo stronj^ for (’=('. 

Rather strong and position is short for this group. 

4'he ().80 and 7.20 y !)ands ai)pear to be normal oil bands, making 
tli(* pre.s(*nce of a supporting st-s l>and unlikely. 

Conitigated in ring, as in some imidazoles. 


p]mi)irical formn!:i: 0._,R,Xj, 

licforc kiK.wl. il'rc of flic cinpirical formula is nvailahlc, tlio prc'scmco of an amide group seems the most probable 
explaiKifioti of flic observed -peel rum. However, the em|)irieal formida indicates tliat the ().09 m «nd 6.59 /j. bands 
must be :i.^cribcd to conjiiu.ifcil :ind p( rlia|)s symmetlie ('=N and/or XMo. d'lie presence of NH 2 is definitely 
iridic.'itftl by thf compN'V i'.-iiid :it 2,9-) y. 

if llicri f\ ^ ' \ ami \Ii . a)v pivscni. only a nitrogen and two hydrogen atoms remain to be fitted 
into t!i(‘ nif T-fiilf. ItsoctO' proltablt- llial a i ing .-t rnct ure is nec('ssary. Possibilities are: 


CR 


Nii^- -c —-N 


N: 


NR. 


NH 


CR=-N 


CU--N 


C—NH 2 

NH 

/ 

:CH 


At t aal ft-tiipitiind : l-ainiiio-1l-( ria/olc. 
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Plate 12. Preparation: Nujol paste. 
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Plate 12 

Band 

Observed 


Example 7 


5.75 


n 


5.93 


6.24 


Possible Assign/nenls 
Ester C=0 

Aldehyde or ketone C=0 
Conjugated lactone C=0 
Ketone C=0 

Conjugated ester C=0 * 

C=C 



Benzene ring vibration 


Remarks 


Cyclic or conjugated. 

Conjugated. 

A little weak. 

Alust be supported by very weak bands at 6.3 and 6.7 which were 
not measured. Probably doubly substituted. 


Empirical formula: C8H4O3. 

^cription: ciystalline, mp 13r"0., v. si. s. water, s. alcohol, si. s. ether 

to t^Vetn:.” Tht Ltf cTos tS" o'hS “Xm — ‘t-- 

phthahc anhydride. The normal symmetry splitting 5 75-5 93 an anhydride. The compound is probably 
a shift caused by the conjugation. ^ ^ anhydrides is present, together with 

Actual compound: phthalic anhydride. 

* This band was not assigned a -priori. 
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Plate 13 


IXXA.MPLK 8 


Hand 

Observed 

Possible .1 ss{(jtimeats 


Remarks 

:T!)2 m 

OH (hejnele'd aciel) 

SH 

Highly pre)hahle. 
Harelly sharp enough. 


5.03 

Aciel (’=() 

C'e^njugateel prejbahly. N-acyl anel ketone C 0 aie unlikely 
alternative's, d'he e)ccurrence e)f the 3.92 band makes any other 
che>ice than aciel C—0 unattractive. 

6.11 

C’=C 

(’=N 

C’e)njugated? 

(’vciic? 



Einpiriciil foriiinhi: (’oIIk02. 

Dc'sci iption: acidic coiiipoiiiid, crystalline* solid. 

1'hc presence* of the* linj^ structure* which would he ne*eeleel to explain the small proportion of hyelrogen is indi¬ 
cated l)y hands not inarke*d at (>.2 fx and ().7 m wavelengths. 

Assuming the* pre*se*ne‘e of a he*nze‘ne ring grouj) —(’11=011—C'OoH, the compound could be cinnamic acid. 
\\ hile this haf)p(*ns to he an (*.\e*e*ll('nt gue*ss, sev(*ral e)ther le*ss ce)mme)n structure's would have het'n c(]ually satis¬ 
factory in explaining the* elata at hanel. Infrare*d data e)n Oil free]uencies wendel have been valuable to establish 
this e'onj|)ound un(*(|ui\ocally. 


CH 


CH 


lie 


C—CO.H 


HC 




lie 


or 
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11 



C—C1I--CH, 


C—C—CO,H 


HC 
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CH 
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(iH 


.\<‘l lie! ce*’iip( Hind : ••inir-,i,11- ;i--:d. 
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Plate 14. Preparation: Nujol paste. 


Plate 14 


Example 9 


Band 

Observed 

5.91 w 


6.28 

6.63 

6.28 


8.87 


Possible Assignments 

Ketone C=0 
Aldehyde C =0 
Conjugated ester C=0 
Phenyl vibrations 

C=N, conjugated or c^^clic 

C02~ 

NO2 

C—0—C 


Remarks 

Conjugated? Band is certainly from C=0 o-roun 
Conjugated? 

Enhanced * somehow. 

Shift to 6.28 m indicates conjugated or sub.stituted phenyl ring. 

JNone of these alternative assignments seems very likely in view 

of the 6^63 band, which has such a high probabilitt' to be a 

p enyl band, that the 6.28 band must be attributed to the 
same source. 


Empirical formula: C 10 H 12 O 4 . 

The empirical formula contains a great proportion of oxvgen The sritmti-nm i 

unless the 6.28 band indicated a carboxylate ion, which Lemed out of the miesZ Tr 

8,87 band. A JsLble guess of .be 

rXue™ J*"' ■“ ‘l-eUs aWpLl'TsIl'd 

Actual compound: 3 , 4 , 5 -trimethox 3 ’'benzaldehyde. 

* Enhanced, it was subsequently seen, by the methoxy groups. 
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Plati-: 15. Pn'iKiration: Nujol paste. 


Fxamplk 10 


Plate 16 

Band 

Obserred 

3.08/i 

0.01 I 
0.4oj 
0.01 

0.231 
0.70j 

0.23 
6.40 


Po.sHi'hle A ssign menfs 

on, Nil 

Amide f^ruup 
C’=N 

(’=0 

% 

Phenvl vibrations 


C()2~ 

(‘onjugat(‘d or cyclic C=N 
NO, 


Remarks 


Substantiated by 3.08 band. 
Acyclic probably. 


Same argument as in previous example excludes other choice for 
0.23 band, even though band is overly intense. 


A phenyl ring and an amide group are most likely to be present. 

Empirical formula: ('kH(,ON. 

I)(*sci*iption: wliite solid, mp I 13® 0. 

Position of the j)h('nyl \'ibration’s !d)sorption at 0.23 ^ indicates no conjugation. Compound containing amide 
group, plaaiyl ring, wilfiout conjugation, must be either acetanilide or N-formyl toluidine to fit formula. 

Actual comj)(»uiul: a('(4anilid(*. 
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Plate l(j. Preparation: liquid in 0.015 niin. cell 


Plate 16 

Band 

Observed 


Example 11 


5.75 




6.05 


Possible Assignments 

Ester C=0 
Ketone C=0 

Conjugated acid halide C=0 
C=C 


Remarks 

Inten.sit>^ of band indicates pos.sibilitj^ of two carbonyl grou 
unresolved. ^ 


Band is weak compared to spectrum in general, so C=C seei 

. leasonable if band has an}' significance 

Empirical formula: CgHioOs. 

Description: liquid, bp 180° C., non-acidic. 

H c„:,r£ cS" m '7»' —nd, i„ ,.di. 

comjKHind containing a C_C, and second, because there is no corre^LdinToH absoT™ , '"i 

oecnrring gr„„Th"ave £n ptaJS! 

Actual compound; ethjd acetoacetate. 









INFRARED DETERMINATION OF ORGANIC STRUCTURES 


To concludo the discussion of methods of inter- 
pretiition and the examples of this procedure, it 
seems necessary to call attention a^ain to the 
^(*n(*ral s(*op(' of the method and the limitations 
which ha\'(' IxH'n imposed on it in this hook. I he 
s[)ectral raiif^e hi'tween 2 and about 20 ^ includes 
the absorptions correspondinji; to nearly all of the 
stretching vibrations of organic molecules, mo.st 
of the bemling vibrations of hydrogen however 
bonded, and some of the bending vibrations of 
the heavier components of the molecules. Oidy 
a limited number of types of vibrations absorb 
stronglv, however. The.sc are those of hydrogen, 
oxygen, and nitrogen. Vibrations involving car¬ 
bon atoms alone are usually relatively weak. 


The preoccupation evidenced in this book with 
the region from 2-7 g and the single-bond vibra¬ 
tions of hydrogen and double-bond vibrations of 
nitrogen and oxygen should not carry the implica¬ 
tion that this is the ultimate. This attitude was 
conditioned by the demands of the research pro¬ 
gram under which the bulk of the work was done. 
Strong bands, especially those of hydrogen, can 
be made of some use wherever they occur. Higher 
resolution than used here for the hydrogen vibra¬ 
tions in the 3 g region is extremely helpful. It has 
been the intention of the authors to supply only 
some of the information and the methods by which 
a beginning ma}' be made in the field of molecular 
structure analysis by use of infrared spectra. 


Chapter VI 


INSTRUiVIENTS AND EXPERIMENTAL TECHNIQUES 


The foregoing discussions of structural analysis 
have made it clear that the regions of the spec¬ 
trum which are most suitable for this work lie 
between 3 ^ and 7 /x. Within these limits there 
are two short ranges of extreme importance. The 
first of these is the so-called double-bond region 
extending from 5.5 /x to 6.8 /x. The second is the 
locality immediately around 3/x, where bands 
caused by the hydrogen-stretching vibrations are 
found. For the former, the modern prism spec- 
tiometer when fitted with a rock-salt prism pos¬ 
sesses the required characteristics. That is, it 
has the resolution, speed of operation, and repro¬ 
ducibility of wavelength settings needed to yield 
satisfactory data for these analytical methods. 
When the sodium chloride prism is replaced by 
a lithium fluoride duplicate, the same spectro- 
giaph can serve acceptably in the 3 /x region also. 
Even better here, perhaps, is the grating instru¬ 
ment, since it can be accommodated to any de¬ 
sired resolution. In general, the instrumental 
demands of structural analysis are not excessive, 
and for many problems the information made 
available at 3 m by the salt prism is adequate. 


The Prism Spectrograph Recorder 

This chapter contains a discussion of infrared 
spectrographs and some of the details of their 
operation. It will be illustrated at each point by 
reference to the recording spectrographs used in 
the research project at the University of Michigan, 
during the course of which most of the data for 
this book were obtained. Since all the spectra 
reproduced in this book were recorded on one 
particular instrument it is appropriate that it 


should be described at some length and that only 

biief mention be made of the other spectrograph 
used. 

The basic features of this instrument are 
given in Figure 6-1. The source was a Nernst 
filament carrying 0.65 amperes on a 220-volt a-c 
line with voltage-regulation. A metal or mica 
shutter, driven by a synchronous motor geared to 
give the shutter a period of 3.33 seconds, was used 
to interrupt the optical beam. A KBr window 
separated the source box from the spectrograph 
so that each could be evacuated separately. The 
bilateral slits were 2.5 cm long, the entrance slit 
being curved to compensate for the curvature 
otherwise found in the final image. The slits were 

train used in con- 
junction with the mechanism of the prism drive 

This was done to correct partially for the emissiv- 
ity spectrum of the glower and irrationality of 
dispersion of the prism. Variation in the rate of 
closing was accomplished by the choice of suitable 
gear ratios. It was nearly always possible to find 
a ratio which gave a fair approximation to con¬ 
stancy of energy entering the spectrograph at all 

wavelengths, irrespective of the nature of the 
sample. 

The main collimating mirror was an off-axis 
paraboloidal mirror of 50-cm focal length The 
prism mounting was of the Wadsworth-Littrow 
type. The plane Wadsworth mirror was mounted 
adjacent to the prism on the prism table, the plane 
Littrow mirror remaining fixed. This arrange¬ 
ment served to use the prism twice, and at the same 

nqin ’'I'. John Strong, Rev. Sci. Insir. 2, 585 

Lr/hp spectrograph underwent many modifications dur- 

P'oooJ'oe ‘^18 present monograph but the 
optical path remains much as originally designed. 
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time permittf'il any l)oam of which fell on the 
thermopile to travcase the prism approximately at 
minimum (h'viation, refiardlcss of wavelength. An 
ellii)soi(lal mirror having focal lcngth.s in the ratio 


circle, which it has accordingly replaced. In the 
discu.ssion following, the angular rotation of the 
prism table will generally be expressed in revolu¬ 
tion counter numbers or veeder numbers,'* one 
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A. 

B. 

C. 

D. 


E. 

R 

G. 


H. 

J. 

K. 

L. 

M. 

N. 


NERNST GLOWER SOURCE 
SPHERICAL MIRROR 
SHUTTER 

KBr WINDOWS SAMPLES 
ARE PLACED HERE 
ENTRANCE SLIT 
PLANE MIRROR 
OFF AXIS PARABOLOIDAL 
MIRROR 
60® PRISM 

PLANE WADSWORTH MIRROR 
PLANE LITTROW MIRROR 
EXIT SLIT 

ELLIPSOIDAL MIRROR 
THERMOCOUPLE 


lie. r. I. Si In mat if iliajrraiii of ilu* optical path of the prism spectrograph. 


of 1:.*) was iis(h 1 to imam' tlu' exit ."lit upon the 
therntoi)ih' ]■eeei\'(a^ 

11 has hecn (V'lahli.^hed lliaf, for lliis spoolro- 
l^rapli, the lead i I Hi'." ol a r('\'u| ii t ion (‘(Huitt'i', geared 

."O that, a ehan^e ol oin' unit indieatiHl a rotation 
(»( the jui.-'iii talile through one second of arc, are 
jiioiT' I'clialilc than ai’e th(‘ readings of tlu^ divided 


veeder number being the equivalent of one second 
of arc of prism table rotation. 

The major portion of the work, covering the 
2-15 /i region, was done with a 60° sodium chloride 
prism with sides 10 cm long and 8 cm high. SupH 

** The revoUition coiintors wore made by the Veeder Coini>an>% 
heiiee the name. 
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plementary work in the 14-24 ^ region required a 
potassium bromide prism, the one used having 
sides 7 cm square and a refracting angle of 60°. 
To obtain high resolution in the 3 n region, a 
lithium fluoride prism was first used, but the de¬ 
sired resolution was subsequently obtained with a 
grating instrument. 

The type of thermopile used has been described 
by Strong .>3 The particular thermopile u.sed in 
this spectrograph had a total resistance of 35 
ohms when its two junctions were connected in 
series. It was evacuated separately from the 
spectrograph case. Shielded cables connected the 
thermopile to a galvanometer which served as the 
primary galvanometer in a Firestone periodic 
amplifier. The amplifier output operated a sec¬ 
ondary galvanometer whose motion was observed 
and recorded. The galvanometers were both low- 
resistance instruments with sensitivities of approx¬ 
imately 0.4 microvolts per millimeter at a scale 
distance of one meter, the primary having a period 
of 2 seconds and the secondary of 1 second. 

Recording was accomplished by replacing the 
ordinary galvanometer scale with a sheet of photo¬ 
graphic paper on a rotating drum geared to the 
prism drive. A short-focus cylindrical lens across 
the full width of the paper served to focus the 
galvanometer beam into an intense point of light. 
Since the individual swings of the galvanometer, 
back and forth about its zero position, are propor¬ 
tional to the instantaneous transmission of the 
sample, the envelopes of the two termini of the 
swings form a double record of the absorption 
spectrum of the sample. Only one half of this 
double record is shown in the reproductions of 
spectra in this book. 


duced 111 this case by signals of approximately 
0.4 microvolts. The amplification factor of the 
periodic amplifier was about 1:75, higher gains being 
of little advantage because of the proportionately 
increased raggedness of the records obtained. 

Sensitivity of an energy-measuring system may 
be defined -- to be the intensitj^ of radiation which 
can be measured in a given time with a given 
accuracy. U.sing this definition, the time interval 
being taken as one period of the shutter ( 3.33 
seconds) and the desired accuracy being such that 
the deflection will have a mean relative error of 
1 per cent, the prism spectrograph under operat¬ 
ing conditions, with slitwidth and resolution as 
described below, had a theoretical sensiti\'ity of 
6 X 10 ® watts (i.e., radiant power of 0.06 ergs 
per second incident upon the thermopile receivers 
during each period of the shutter was computed 
to generate an electromotive force of 3 X 10 ~^ 
volts in the thermopile circuit; the resulting 100 - 

millimeter deflection could be measured accurately 
to within a millimeter). 

Resolution and Slitwidths 

Studies of the fine structure of the CO 2 band at 
15 m and the NH 3 band at 11 /x show that lines 
0.034 m (3 cm ’) apart were just resolved. At 
4 M, the resolution was about the same when ex¬ 
pressed in wavelength (0.03 m) but corresponds to 
a frequency separation of about 20 crn'k For 

the work done in this research such high resolu- 
tion was rarely needed. 

Table 6 lists the effective slitwidths used at 
different regions of the spectrum. Effective slit- 
width is here defined as the wavelength separa- 


Energy Considerations 

Brownian motion in the thermopile-galva¬ 
nometer system was computed to produce a signal 
of 1 X 10-® volts. The noise level experimentally 
observed was about three times as great, being 
about 3 X 10“® volts. The amplifier gain was 
adjusted to cause a 1 -miIlimeter zero-point fluc¬ 
tuation of the recording light beam on the photo¬ 
graphic drum. Full-scale deflections were pro- 

PrenUc^?Hairi938^''''''^“'“ Physics, p. 305, 

“ P. A. Firestone, Rev. Sci. Inslr. 3, 162 (1932). 

b 827 (1926); F. A. Firestone, Rev. 

iici. Inslr. 3, 162 (1932). 


Table 6. Effective Slitwidths of Prism Spectro- 


Wavelength 

Region 


3 fi (3330 
6 fi (1667 cni~*) 
10 n (1000 cnt“’) 
15 M ( 667 cm'*) 


Linear, nim 


0.04-0.08 

0.09-0.13 

0.24-0.30 

0.40-0.60 


graph 


Slitwicith 


Angular 
(vee. no.) 


EflFective or Spectral 


cm 


4.1- 8.2 
9.3-13.4 
24.8-31.0 
41. -62. 


0.012-0.023 
0.015-0.021 
0.025-0.030 
0.02 -0.03 


13. -26. 

4.4- 6.0 

2.5- 3.0 
0.9- 1.3 


1, Cartwright, Physics 
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NERNST GLOWER SOURCE 
KBr CELL WINDOW 
SPHERICAL MIRROR 
KBr CELL WINDOW 
KBr CASE WINDOW £ 

METAL SHUTTER ' 
PRELIMINARY SLIT 
PLANE MIRROR 
PARABOLOIDAL MIRROR 
KBr FORE-PRISM 
ENTRANCE SLIT TO 

GRATING SPECTROGRAPH 
PARABOLOIDAL MIRROR 
GRATING 
PLANE MIRROR 
EXIT SLIT 
PLANE MIRROR 
ELLIPSOIDAL MIRROR 
THERMOCOUPLE 


I'lG. (’) 2. S« lu*iu.Ht ic of tlu* opticfil patli of llu* prisiu-grathij; spectrograph. 


tion l)(*tw('('n I Ik* two I'nvs whose* ninxinin 1‘nll on 
('itli(‘!’ ('(Iji'c of the (‘\it >lit. l''or tlu* particular 
optical a iraii^icinciil ol ihe Iiainlall-St ron^ spcc- 
Iret^rapli the aiimilar <li>plac(aiiriil oT tlu* prism 
i'(*(|i]ii(‘(l lo irplaci' the one r;iy 1>\ the other is 
r(‘l;iteil to l!ie toeal length / ami the exit siii- 
wi(It h N 1 1 \ t he expre-'ii HI 


A'/ 


!/• 


where ! he [ rMporl'oiiaht y eem-taiit I: = I I'ji- 

i 1(1* \ (‘eiler I 


I an (an 


los. mm. 


The Prism-Grating Spectrograph 

'Fhe itifrarocl prism-jj;ratin«: t^pectrograph” is still 
ustal largely as a tool for pure reseiu'ch ami has 
not as yet, to any great extent, followed the in¬ 
frared })risni spectrograph into the industrial 
research lal)oratt)ry. This type of instrument is 
merely a grating spectrograph in which the ovei^ 
lapping of spectral orders produced by the grating 
alone is eliminated by introducing a “fore- 

H. M. Uaiulall, Appl. Phys., 10» 76S (1939). 
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prism” into the optical path to act as a rough 
monochromator. The prism-grating spectro¬ 
graph is indispensable in problems where the 
highest dispersion and resolution are required; in 
all other cases, prism spectrographs are preferred 
because of their simplicity and rapid performance. 
The grating spectrograph may be calibrated either 
from strictly geometrical considerations or by 
comparison of spectra. 

A diagram of the prism-grating spectrograph 
used in this research work is given in Figure 6 - 2 . 
Two gratings, ruled by the University of Alichi- 
gan ruling engine, were used. These gratings had 
1200 and 4800 lines per inch, respectively. The 
main contribution of this spectrograph came in 
studying the 3 jx region under high dispersion with 
the 4800 lines per inch grating. A comparison of 
Table 6 and Table 7 will show that this grating, 
under operating conditions had roughly three 
times the dispersion of the rock-salt prism at 3 n. 
The grating constants of this spectrograph were 
determined by measuring the location of 6 lines 
of water vapor at 6.4 /x, using wavelength values 
as determined by Plyler and Sleator.^'^ 

Table 7. Effective Slitwidths of the Prism- 
Ghating Spectrograph When the Grating 
Ruled with 4800 Lines/Inch Is Used 


8!) 


An empirical method of calibration is po.ssible by 
comparing prism and grating spectra. 

Calibration by Known Absorptions 

ViTiile the dispersion of a sodium chloride 
prism is good between 5 y and 15 m, it is rela¬ 
tively poor between 2 /x and 5 ^x. The accuracy 
of calibration in the.se two regions for a salt prism 
vaiies accordingly. In the shorter wavelength 
region ten lines from the .spectra of mercury 
vapor, ammonia, carbon dioxide and methyl 
chloride are u.seful as calibration wavelengths. 
The grating measured wavelength \’alues of these 
10 absorption bands are listed in Table 8 . 

Table 8. Calibration Wavelengths in the 2-5 /x 
Region for the Sodium Chloride Prisai 


Material 


V\’ave- 

leiigth, 

M 


Reference 


CO 2 . 4.225 

CH 3 CI. 3.473 


Wavelength 

Region 

Slitwidth 

Linear, 

mm 

Effective or Spectral 


cm ^ 

3 fj. (3330 cm~^) 

6 m (1667 cm~^) 

0.35-0.50 

1.0 

0.0035-0.005 
0.009 

3.8-5.5 

2.5 


NH 


3.370 
3.098 


2.998 
2.916 

CO 2 .1 2.765 

2.688 
NH 3 . 2.264 

Hg arc. 1.970 


E. F. Barker, Astrophys. J. 55, 
391 (1922) 

Bennett and Mej^er, Phys. Rev 
32, 902 (1928) 

Ibid. 

Robertson and Foy, Proc. Roy 
Soc. 120, 163 (1928) 

Ibid. 

Ibid. 

Barker, op. cit. 

Ibid. 

Robertson and Foy, op. cit. 

Handbook of Chemistry and Phys¬ 
ics 


Calibration of Prism Spectrographs 

Spectrographs may be calibrated in a number 
of ways with essentially the same result. One 
method makes use of the geometry of the optical 
system and the dispersion curve of the prism. 

M p‘ ^7 Sleator, Phys. Rev., 37, 1493 (1931). 

Ar. obtained refractive indices for NaCl and KCl 

Ann. der. Phys., 26, 120 (1908). 


In order that records from the two types of 
instrument shall be fully comparable the prism 
and grating spectrographs need to have the same 
resolution, when there will be a one-to-one cor¬ 
respondence between the absorptions appearing 
m the two spectra. By properly adjusting the 
resolution of a grating instrument, Oetjen, Kao 
and Randall succeeded in fulfilling this condi¬ 
tion for the fine structure lines of the bands of 
carbon dioxide (13.8-15.4 ,u), ethane (11.9-12.4 /x), 

/nil. wt5?5ll9i2?“'^“ 
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nniinonia (7.0 14.0 m) and water vapor (5.0- 

For this eonij^arison, th(‘se four gase.s 
furnisli l(i4 sliarp lines (|uite uniformly spaced 
})etw('<'n 5 ^ and lo /x. 1 he lines as measured on 

th(‘ »>:ratin^ instrunumt ai(‘ certainly accurate to 
O.OOl ju. Thus, exact calibration of a salt prism 
instrimumt in the longer wavelength region in 
t(M-ms of fundamentally measured grating wavc- 
kmgths is possible. 

Reprodt/rihilit}/ of Spectra; Correct ions to Be Apptied 

To justify such a calibration, it is essential that 
the prism instrument be able to repeat settings on 
sharp absorption lines with a corresponding ac¬ 
curacy. Repeated trials have shown that the 
positions of sharp lines can indeed be determined 
with sufficient accuracy, i.c., to within one or two 
v(‘(*der numbers, pro\'id(^d certain definite condi¬ 
tions of observation are followed. These condi¬ 
tions re(|uire for one thing that the temperature 
of the prism be constant or be corrected for if it 
is variable ; “Mor another, that the spcvd of opera¬ 
tion be suitably slow and remain constant or be 
corrected for if greater than a certain low value. 
Associated with these two conditions (as well as 
with slight mechanical shifts to be mentioned 
later) is the accuracy with which the spectrograms 
permit the location of the absorption maxima in 
t(U’ms of veeder numbers. 

The degree of accuracy recpiired and the detail 
desired in the spectrogram determine the proper 
rate of recording. For greatest accuracy and de¬ 
tail, it is essential that the recording show a 
minimum of distortion in the contours of the 
absorptions when compared with the correspond- 

By altciirij^ (lie Ic'iiipcnifurt* of the rootii IliroiiKli a siifficicait 
ranj;(“ it was cslalilislicd, af(i*r (cinpcraluro r(|uilil)riiiiu wjus 
aftaiiu*<l, llml a rise in 1ciii|)rralnn‘ of tin* salt prism (»f l'^(\ 
n‘sult<‘<J in a shift in the position of al>sorplion linos of 5 vtaMlor 
numhcrs irrmuhly thtll lowanl longer wavoloiij^tlis in tlu* 
spcolral region hrlwron 'S arnl ami of 1 vrotlcr numlua's 

iron^hlv in lh<‘ Id ITju rrnimi. 

"I'csls shoWfd that iIm' .'•Itili-' in tlu* po'ilions of lim's duo to 
varvinii sprcd> of drive Wi-ir pinporlinnal h. i ho .'■pord.-' otnployod. 
this sliitl fosiiltcd troiii a lai: in ii 'pitn'-i- ui ilio t hrrinopili- and 
recording ''y.'<if*iM iM'liind ih'- tn'iriiiiriTH iiu- |i>»-'iii(in «il llu’ pri>iu. 
11 was I w io( • ala I !^i' 1 nr 11 n • i n \ t - li >j h ■ • •) inr;' (•!' i roord I |)hnl i>- 
ji;rapiH-d diiiini: ilm “'hnini rl.iMuti. o\ili a^ I"!' ihal phnto- 
^rapiiod dniiOL' tin- " liiiiin nju niiiL' 'Wili-. 1 in.- an olha-l 
to In- Waloh'd !'•! in a iitiadiirj v\linii l•nlp^^\s a InW 

fri'» in.‘noy slii C l i-i an'! a pc 11 < m In- a in pi 1 1 1 - r 1 h<- anu,nl:ir ina^ni- 
tud'- c’i (In'-' in-’. I"i Oi ' '■ hut t••l-^lp.■Illn>: n-cciid ') iu<i\i‘d to ho, 
I'M ill] tti ir ii.i' ii', linin' in dh '-pnal !■» l|io Voodt-i milnhi'rs 
dfl\' n i!ii<>iil;Ii ill ah'iijl I w < i-lil' 1 1 -• <>i a period oi tho >linltor 
/ i I _ I (, ’ I I . • . 


ing ones of the grating instrument. When the 
entire spectrum, 2-15 g, was run in hours,a 
fairly high degree of accuracy was obtained. 
Under these circumstances there were between 3 
and 4 swings of the recording galvanometer in 
the time recpiired to record two successive fiducial 
lines. (Fiducial lines were automatically flashed 
onto the photographic record paper every 30 vee¬ 
der numbers and provide a one-dimensional grid 
to assist in measurement.) With 3 or 4 swings 
per fiducial line, it is possible to repeat the loca¬ 
tion of sharp lines to within 3 to 5 veeder num¬ 
bers. Highest accuracy was obtained when the 
spectrum was covered in 6 hours b}^ turning the 
prism four times as slowly while at the same time 
changing the gearing between the prism drive and 
recording drum drive so that the drum rotated 
relatively more rapidly. This enabled the spec¬ 
trum to be spread out so that all the detail could 
be seen on the record. On these G-hour records 
there are about 14 galvanometer tracings between 
fiducial lines and, under these conditions, experi¬ 
ence shows that sharp lines may be repeatedly 
located within 1 or 2 veeder numbers. 


Further refinement appeared fruitless as there 
were erratic shifts from time to time of this same 
order of magnitude. These seemed to arise from 
mechanical sources. It is necessary to check for 
such shifts by frequent measurement of certain 
standard lines. Over G months of severe opera¬ 
tion, these changes never exceeded ±3 veeder 
numbers (rhO.OGG g at 4.225 g, the wavelength of 
the carbon dioxide doublet used for checking the 
calibration). These shifts were within the limits 
of accuracy required for the major portion of this 
sort of work, and were accordingly ignored. 


Cotihration Curve for Most Accurate TT'orA- 

It is possible to construct a large-scale calibra¬ 
tion curve for the prism spectrograph which pre- 
ser\*es the accuracy of measurement just described 
using the 1G4 lines from the 4 bands in the 5-15 p 
region, and the 10 lines in the 2-5 m region. The 
accuracy is about ±0.001 p at 15 Pj ±0,005 m 
5 p, and ±0.01 p between 2 p and 3 p. The 

Fo-lunir rroord and the 6-hour record (referred to 
lnt(‘r) result in angular lags of 2 veeder numbers and 0,5 veeiler 
numln'rs respectively. Translated into wavelength, at 5 for 
exMinple, these lags sliift the al>sorbing minima by 0.(K>4 and 
0.01)1 ^ aiul a “sueed correction" must be applied acconlingly. 
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above estimated accuracies in both ranges, 2-5 g 
and 5-15 correspond to =b2 veeder numbers 
throughout. The spectral range with the rock- 
salt prism can be covered in 12,500 veeder num¬ 
bers, i.e., by an angular rotation of the prism of 
about of arc. 


Calibration Curve for Spectra Recorded in This 
Book 


In this research each complete spectrum, 2-15 ju, 
was usually run off in about one half hour, the 
prism table being rotated at 4 different speeds, 
most rapidly at long wavelengths where the dis¬ 
persion is large and the absorption bands are 
farther apart, and most slowly at the shortest 
wavelengths where the dispersion is poor and the 
bands correspondingly crowded together on the 
photographic record. Under these conditions of 
rapid recording the number of galvanometer trac¬ 
ings outlining each absorption band (i.e., the 
number of swings per fiducial line) was so reduced 
that the position of the line could not be deter¬ 
mined to closer than rhO.Ol This accuracy, 
however, was all that was required in such a sur¬ 
vey study of organic compounds. Accordingly, 
the use of the large-scale calibration curve became 
needlessly cumbersome and it was replaced by its 
projection in the form of a scale reading directly in 
tenths of microns and permitting accurate estima¬ 
tion to hundredths of microns.^^ Tests on the 
reproducibility of wavelength measurements using 
this rapid recording and measurement with the 
scale showed that in no instance did individual 
measurements fall outside ±0.02 p of the mean 
value determined for each absorption line, and 
more than 90 per cent fell within ±0.01 g of the 

mean.32 


u uncertainty is, of course, independent of the “speed 

shift (see footnote 28) for which a correction was made. 
Although the angular lags at the four different speeds were, of 
course, different, they were equivalent to approximately 0.01 ^ 
wavelengths shift throughout the spectrum. This “speed cor¬ 
rection ’ was made, accordingly, for all the “half-hour records” 
(see footnote 29). 

^ A number of these scales were simultaneously produced by 
a lowing the automatic flasher to place the fiducial lines at regu¬ 
ar 30 veeder number intervals while at the same time manually 
^hing the tenth micron lines onto the photographic paper at 
the appropriate veeder numbers. 

^ The 3.35-3.55 ^ absorption caused by C—H stretching vibra- 
*ons, and due largely to the paraffin oil in which the samples 
Were suspended, is so deep and broad (about 0.1 ^ wide at the 
ottom) that its position is indeterminate to about 0.03 m- 
easurements of this band were accordingly not included in 

the reproducibility tests. 


Secondary Calibration Methods 

Should the use of the four gases for calibrations 
be inconvenient, the liquids in the accompanying 
table, Table 9, have spectra which are very well 
suited for many calibration purposes not requir¬ 
ing extreme accuracy. The.se liquids, cyclic or¬ 
ganic compounds, are easily obtained in the pure 
form and involve only routine, liquid-sample 
preparation for spectrum analysis. 


Table 9. Supplementary Calibratio.n Compounds 


Coynpound 

Benzene . 

Pyridine. 

Thiophene. 

Dioxane. 

Pyrrole. 

Benzothiazole. 

2-MethyI benzothiazole. . 

Benzoxazole. 

2-jMethyl benzoxazole_ 


Cell Thickness, 
tnyyi 

0.02 and 0.15 
0.01 
0.01 
0.04 
0.01 
0.02 
0.02 
0.02 
0.02 


Reproductions of spectra with wavelength 
values to the nearest hundredth micron are to be 
found for all the above compounds in the cata¬ 
logue of spectra. However, more accurately 
determined spectra for the first three compounds, 
benzene, pyridine, and thiophene, were obtained.’ 
Their wavelength values are made available in 
Table 10 for easy comparisons of calibrations. 
Each of these compounds may be used separately 
for calibration purposes but it should be noted 
that the spectra of all three supplement each 
other well. Furthermore, when the 3 ^ lines of 
benzene (0.15 mm thick) are added to them and 
likewise the 10 g lines of benzoxazole (0.02 mm 
thick) and the 13 ^ and 14 g lines of benzothiazole 
(0.02 mm thick), there is a very good coverage of 

the whole 2.5-15.0 g region with approximately 
70 usable lines. 

When the wavelengths in Table 10 are given to 
two decimal places they are accurate to about 
±0.02 g in the 2-5 g region, and ±0.01 g in the 
5-15 g region. Wlien given to three decimal 
places, they are accurate to about ±0.01 g in the 
2-5 g region, ±0.007 g in the 5-9 g region and 
±0.004 g in the 9-15 g region. This is only a 
rough indication of accuracy—sharp, single lines, 
indicated by being more accurately deter- 
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'I'aijlk 10. Best Values of C’vclic ('alibration 

(’OMPOUNDS 


B(‘iiz(‘ne 

(0.02 inm) 

Pvridine 

(0.01 inin) 

'I'hiophene 
(0.01 nun) 




C" 

M 

07 


/ 0 

1 


/o 

/o 

2.13 

1 

1 

10 

2.414 

10 

2.514 

5 

3.272 

25 

*3.278 

20 

2.590 

5 

*3.312 

00 

3.320 

30 

*3.220 

25 

4.307 

10 

5.023 

10 

4.1)11 

5 

4.523 

10 

5.204 

10 

5.545 

10 

*5.104 

30 

5.353 

10 

5.057 

10 

*5.520 

40 

5.931 

10 

*0.284 

30 

*5.815 

15 

(). 107 

10 

0.417 

20 

0.332 

10 

().2()0 

30 

*0.588 

30 

*0.549 

15 

*(>.325 

75 

*7.112 

75 

*0.7()8 

90 

*0.743 

25 

7.779 

10 

*0.951 

15 

*0.902 

75 

*7.987 

90 

*7.188 

25 

7.294 

10 

*9.250 

75 

8.488 

15 

*8.213 

25 

*9.005 

75 

8.713 

10 

*8.715 

25 

11.00 

5 

*9.045 

75 

*9.3()0 

25 

11.475 

20 

10.09 

10 

*9.702 

50 

*11.98 

100 

11.70 

10 

*10.092 

50 

13,82 

100 

12.91 

10 

*13.345 

75 

14.07 

100 

13.39 

10 

14.18^ 

75 

!().()'' 

30 

14.2 

10 

Ki.O'' 

19.2'' 

75 

10 

22.2'' 

40 


SuPPLKMKXTARY 


(Hk(JIoxs Poorly ('overed 
Above C'ompounds) 


BY THE 


B(‘nz(aie 
(0.15 mm) 

Bc'nzoxazole 
(0.02 mm) 

1 

B(*nz()thiaz()le 
(0.02 mm) 

3.43 

10 

1 

*9.97 

75 

*12.09 

40 

3.53 

10 

10.21 

10 

*12. .j2 

75 

3.77 

10 

1 

*10.09 

30 

1 

*13.15 ' 

100 

3.80 

10 

*10.87 

75 : 

*13.72' 

100 





11.17 

40 

1 

t 




1 1.98 ' 

40 


'* Not <•( >tiipl( 11 U' n i|\'« 11. 

I*;irll\' III i^r'i 111I }i\’ llir I }4ri )HM* 1. 

■ A NiTV lit<i:iil lltir. 

' I >(• I 1 jI‘ ( '. I , ) III III <»l! I li l*•k In - - , 

SliiHilil lie nlii iiiiril wnli (liihinr i-rll lo i^ivr fiO to 70^n 

I V 

>'MI I if inn-s. 


mined, and broad lines or “shoulders” being less 
accurately determined. Percentage absorptions 
given in the table are only rough estimates. The 
values given above 15 m by the KBr prism are 
approximate only. 


Preparation of Samples for Spectroscopic 

Analysis 

To obtain the spectrum of any given compound 
it is necessary so to process the material that it 
can be spread out in a uniform, thin layer and be 
interposed in the optical path. Radiation leav¬ 
ing the source passes through the sample la 3 ^er 
before reaching the entrance slit. There are 
many methods of sample preparation in use as 
well as a large variety of sample holders. The 
following discussion of equipment and methods 
of sample preparation used in obtaining the spec¬ 
tra reproduced in this book will serve to illustrate 
this variety. 


A’oies on Apparatus 

Solid samples whose spectra were desired in the 
2.5-15.5/i region were mounted on sodium chlo¬ 
ride plates, while potassium bromide plates were 
used for this purpose when the 14-24 ja region 
was studied. These plates were about 1 X 4 cm 
in area, and 3 mm thick. Made from either nat¬ 
ural or svnthetic ciystals, the}' were cut with 
faces approximate!}' parallel, then highly polished. 
As it was necessary to use the same plates over 
and over again, they were carefully cleaned and 
repolished between operations. In a few in¬ 
stances, silver chloride plates were used when it 
was desirable to evaporate the solid sample from 
a water solution. These silver chloride plates 
were sjitisfactory over the whole 2.5-24 ^ range 
studied. 

l\)lishing the plates brought out some pecu¬ 
liarities in the abrasives available. Both ferric 
oxide (red rouge) and titanium oxide (white 
rouge) have absorptions in the infrared, those of 
the latter being much more conspicuous (with a 
strong, broad absorption from S,3-9.5/i; 
dium, strong line at 12 p; two weaker lines at 
12.82 p and 14.38 p). Either agent could be used 
on sodium chloride without I'esulting absorptions, 
but it was found undesirable to use titanium oxide 
on potassium bromide, because grains of the pol- 
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ishing agent were easilj^ imbedded in its softer 
surface, with the result that the titanium oxide 
spectrum was superposed on that of the sample. 

Cells used for volatile liquids and solutions were 
built after a modification of the design described 
by Randall.83 Two NaCl (or KBr) plates, 4.3 
X 3.0 X 0.8 cm, are channeled out to accommo¬ 
date a mercury seal around the sample. The 
mercury seal is vacuum tight. Thus it becomes 
possible to place the cell inside the evacuated 
source box without losing the sample even though 
it be highly volatile. A platinum shim is used to 
define the liquid sample thickness. A set of shims 

varying in thickness from .005 mm to .30 mm was 
available. 

Occasionally, a very hygroscopic compound 
needed to be prepared in a dry atmosphere. For 
this purpose, an air-tight box with suitable light¬ 
ing, observation windows and hand openings was 
employed. In it, an operator, wearing rubber 
gloves, could perform all manipulations neces¬ 
sary in preparation of the sample for analysis 
without exposing the compound to undried air. 

Paraffin Oil Paste Samples 

The standard procedure for solid samples was 
to make a paste or suspension of the powdered 
sample in repurified commercial paraffin oil. The 
oil and the solid sample were ground together in 
a cone-shaped glass mortar, capacity about 1 cc, 
with a carefully fitted cone-shaped glass pestle. 
A 15 or 20 second grinding period was usually 
sufficient. After every 5 seconds of grinding, the 
paste, which had squeezed up out of the mortar 
onto the upper part of the pestle, was scraped 
back down onto its lower part for regrinding. 
The paste when ground sufficiently was placed, 
with the aid of a small spatula, along one edge of 
a salt plate. The salt cover plate was then slipped 
over it and squeezed down, spreading the paste 
layer evenly between the two plates. 

Two preparations were made for running the 
full spectrum. For most compounds 10 mg of 
sample in 2 drops (25 mg) of paraffin oil was 
found most satisfactory in the 2—8 fx region and 
about 30 mg of sample in 2 drops of paraffin oil 
gave best results from 8-15 If necessary, it is 
possible, by taking more time, to get a satisfac¬ 
tory spectrum from as little as 3 mg of sample, 

“ H. M. Randall, Rev, Sci. Instr. 10, 195 (1939). 


the amount of paraffin oil being reduced propor- 
tionatel 3 ^ The usual procedure ga\'e an absorl)- 
ing layer of sample containing about 1 mg per 
cm^. This corresponds to a paste thickness of 
approximately .01 mm. It was found possible to 
prepare samples in an average time of less than 
fifteen minutes per sample. 

There are many advantages to this well-known 
oil paste method of preparing solid samples for 
infrared spectrum analysis: applicability to almost 
all solid compounds: ease and speed of sample 
preparation; increased sharpness and definition of 
absorption bands because of the reduction of 
scattering from the solid layer; and uniformity of 
the solid layer thickness allowing standardiza¬ 
tion of operating conditions. The uniformity of 
concentration of the sample is nearly as good as 
that of solutions and the paraffin oil method has 
one decided advantage over solution work in that 
the oil itself is so transparent. The infrared spec¬ 
trum of paraffin oil contains only 4 absorption 
lines between 2.5 g and 15.5 ju, a strong doublet at 

3.43 fx and 3.51 g, and two medium-strong ab¬ 
sorptions at 6.85 M and 7.27 /x. 

Solid Deposit Samples 

When an unsatisfactory spectrum 
with the paraffin oil paste method, or 
est is focussed particularly in one of 
partially masked by the paraffin oil 
solid samples may be laid down on an 
supporting plate by evaporation from 
a wide variety of solvents. Solvents 
used in this work include: 


is obtained 
when inter- 
the regions 
absorption, 
appropriate 

any one of 

which were 


acetic acid 

acetonitrile 

acetone 

acetophenone 

aniline 

benzene 

benzyl alcohol 

carbon tetrachloride 

chloroform 

cyclohexanone 

dioxane 

ethanol 

ethyl formate 


formic acid 

heavy methanol 

heavy water 

methanol 

methyl cellosolve 

morpholine 

nitrobenzene 

nitromethane 

N-methyl morpholine 

piperidine 

P3Tidine 

tetrachlorethane 

water 


The reason for such a large number of solvents 
was not merely that variety was needed to meet 
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\]\c initial problem of dissolving; the solid samples. 
('(*i‘tain samples were soluble in half a dozen or 
more solvents but wlien the solvent evaporated 
the solid d(‘posit would in some cases be un¬ 
satisfactory as a solid layer for spectrum analysis, 
having crvstalliz(*d into large crystals with trans¬ 
parent gaps between, or into fine powdery crys¬ 
tals which scattered radiation badly. Thus a 
variety of solvents had to be tried until one was 
found which gave a satisfactory solid layer, pref¬ 
erably a transparent, amorphous or glassy film or 
a layer of large uniform crystals. W lien no one 
solvent gave satisfactory layers, the expedient of 
mixing solvents was sometimes successful. Spec¬ 
trograms have been made from solid deposits 
from the following mixed solvents: water and 
ethanol, pyridine and chloroform, pyridine and 
dioxane, pyridine and methyl cellosolve. When 
the proper soh’ent had been determined, it proved 
most satisfactory to place about 10 mg of the 
solid powder sample on a rock-salt plate, add a 
number of drops of the solvent directly to the 
solid, puddle the components of the resulting 
solution togethei* on the iilate with a small spatula 
and finally allow the solvent to evaporate heaving 
the solid layer on the supporting plate. Wdien a 
compound had a low, stable melting point, it was 
sometimes more satisfactory to melt a few milli¬ 
grams of it between salt plates, scpieeze the result¬ 
ing li<iuid between the plates and allow it to cry¬ 
stallize in a thin layer as it cooled. 

Liquid Samples 

Pure licpiids were placed in the mercury-sealed 
NaCI or KBr cells already described. Film thick¬ 
ness ranged from very thin films (made by using 
the cell without any shim) to those made by shims 
from ().()()5 mm up to O.lo mm thick. Very heavy 
licjuids and gr(*ases were* satisfactorily placed i)e- 
tween unchamu'li'd salt |)lat(‘s which were sciueezed 
tog(*th(*r in a c(‘ll lioldcr to mak(‘ a thin lilm. 

Soluliaus 


TaBLK 11. SOLVKNTS FoUND UsEFUL IX SOLUTION 

Spectua 


All soliitinns \\<T(* run in IIk* mrrciii’V s(\‘d cells 
using shim I hii*knes<-‘> \ar\ing hom mm to 

0,2.*) inni. d'abic 11 li^ls llir iound use¬ 

ful dui ing llic w (»i k. 

riien* lia^ been '-nnie (|Ur^lion as to tlu‘ relali\'e 
nieril> of llu’ >|u‘clia (tf eom[>oimds run in the 
soliil >tat(‘ and in solution. 'The advantages of 


Heavv methanol 


Heavv water. . 




Mi'tliaiiol 


Motlivl ('('lll)Solvc 


PviiiliiH’ 




.04 


.02 


.04 


.04 


.02 


.02 


Solvent 

Solvent 

Thickness, 

mm 

Useful 
Spectral 
Region, m 

Acetone. 

0.04 

12.0-18.8 

19.2-24. 

Carbon tetrachloride. 

.15 

2.0- 0.2 
0.7-12. 
14. -15.5 

C'arhon tfUrachloride. 

50.0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2.0- 4.2 
4.5- 4.9 
5.0- 0.0 
7.1- 7.5 

Chloroform. 

! .04 

1 

1 

i 

2.8- 3.3 
3.0- 0.3 
0.3- 8.0 
8.5-12. 
(if thin) 

Dioxane. 

.04 

3.8- 0.7 

Ethanol. 

.04 

3.8- 0.9 
8.0- 9.0 


10 . 0 - 11.2 

11.7-13. 

4.2- 8.S 
10. -15. 

4.3- 8.0 

8.5- 15. 

3.8- 6.5 

6 . 6 - 8.8 
10 . - 12 . 

12.2-15.0 

3.7- 6.3 

7.1-15. 


tlio former when prepared in paraffin oil paste 

form Irave already been mentioned. Solution 

% 

samples also have advantages including uniform- 
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ity of layer thickness and ease of preparation. It 
is possible also by using non-polar solvents and 
low solute concentration to cut down bond asso¬ 
ciation, sometimes prominent in molecular spec¬ 
tra. There are two disadvantages to solution 
spectra, the complexity of the solvent’s own ab¬ 
sorption and the limit to application imposed by 
solubility. The spectrum of the solvent used is 
superposed on the spectrum of the sample, and 
the more effective and universal solvents have the 
more complex and intense spectra. (That is, 
CCI4 has a relatively weak spectrum up to a 


thickness of 0.15 mm, but its solvent properties 
are limited; on the other hand, pyridine, which is 
an effective solvent for a wide variety of com¬ 
pounds, has an intense and complicated spectrum 
of its own even in layers 0.02 mm thick.) 

The optimum condition for analysis is met if 
both the solid and the solution spectrum of a 
compound can be obtained, for the study of the 
changes in wavelength and intensity of absorp¬ 
tion bands when a sample goes from a crystalline 
state into solution is additional information often 
of real value in the analysis. 



Chapter VII 


SI’ECTRA OF VARIOUS COMPOUNDS 


Tho infrared spectra of the compounds included 
in tliis hook have been reproduced as halftones 
from the original records, and are reduced only a 
little more than 50 per cent. The wavelengths of 
what the authors and their several assistants have 
concluded to he actual major absorptions in each 
spectrum are marked upon the records them- 
s(‘lves. It s(‘emed advantageous to reproduce the 
original records rather than transfer the data to 
line charts, or trace off the envelope of the absorp¬ 
tion as a graph. WTien these latter methods are 
employed, the reader is at a disadvantage in being 
comp(‘lled to rely wholly upon the opinion of the 
individual who made the tracing, concerning the 
reality of any particular absorption. Experience 
has shown that these methods err either by pre¬ 
senting too many absorptions, or too few. Many 
factors not irnmediatelv discernible influence the 
transcriber, among which wishful thinking is not 
th(* least, if the transcriber is also, in part, the 
int(‘rpreter of data, as he usually is. By present¬ 
ing th(* original records it is felt that this factor 
for error is avoided, since he who does not sub¬ 
scribe* to the* giv(‘n interpretations, has the records 
on hand i)(*rniitting him to make his own deduc¬ 
tions. 

The grouping of structural configurations indi- 

cat(*d in (’ha}>t(‘r 1 i- adopted in this catalogue as 

a convenient method of nrranging the* spe'ctra. 

lOach sp(‘etrnni is ninnbi-red :ieeording to its se- 

rnu'iiee in the ealalomte. Tims, fir-1 in order arc 

plae*ed lonrteen acid-, >elcuicd lor this position 

ix-caU'e tlif e-arbfixyl caibuiiv! uinnp gi\'es rise* te) 

the most di-tineti\e ab^oiplion iti their .-f)(*e*tra. 

Next eome t went \'-t wo e-Ier-, gron|)ed togetlu'i* 

lu'can-e the e.-tei' e:irb«>n\l i> their most di-tine*- 

% 

ti\(‘ ab.-oi pt ion. 'This i- then eontinue*d threiugh 
-alt-, amide-, (‘tc.. as outlined in (’hapter 1. 


Since many compounds have more than one dis¬ 
tinctively absorbing group, and since any one 
record is repe)rted in only one place, i.e., under the 
group which has been arbitrarily regarded as the 
most distinctive, it is necessary to have a cross 
index of the spectra of all compounds having a 
given absorption. This is done in Table 12, just 
preceding the catalogue. The plate numbers of 
all other compounds having absorptions related 
to the group under consideration are listed follow¬ 
ing the particular compounds of the group. 

Each halftone is named and numbered. It 
carries in addition full information concerning the 
sample used in obtaining the spectrum. The 
methods of preparing and obtaining the requisite 
thicknesses of samples have been fully described 
in Chapter VI. As indicated there, solid samples 
were obtained in three ways: (1) by grinding in 
oil, (2) by fusion, (8) by depositing from solution. 
The words “oil,” “fusion,” or ‘Tleposited from 
alcohoV' will describe the preparation of solid 
samples. The thicknesses of the solid samples 
are indeterminate, but are of the order of .01 mm. 
Thicknesses of all liquid samples are given in 
millimeters. Where the thickness alone is re¬ 
ported, a pure liquid is indicated. For solution 
spectra, a concentration and solvent are also 
given. 

In studying these spectra it should be borne in 
mind that certain absorptions are not caused by 
the sample. Use of a vacuum instrument elimi¬ 
nates interference from water vapor and carbon 
dioxide, but the oil suspensions, and any solutions, 
contain bands arising from the oil or solvent. 
The paraffin oil lines are four in number, consist¬ 
ing of a narrow doublet at 3.43 and 3.51 Mj 
single lines at 6.85 and 7.25 ju. These are strong, 
have their origin in the CH stretching and bend- 
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ing vibrations of the paraffin chains, and are 
usually marked “oil” in the halftones. In the 
examination of solution spectra, comparison should 
be made between the spectra of the solution and 
solvent to eliminate the lines of the latter. 

Owing to what appears to have been a thin film 
of unknown nature deposited on the optical sur¬ 
faces of the instrument as a result of an accident 
during its operation, there are three weak absorp¬ 
tions in these records which have no significance 
at any time since they were always present, even 
when no sample was placed in the beam. Of 
these, the one at 2.78 /x is usually evident, and is 
never measured. The others form a doublet with 
maximum absorptions at 7.22 and 7.38 fi. These 
lines have to be taken into account when inter¬ 
preting the spectra at these points. The spurious 
absorptions usually are seen as sidehills on stronger 
bands, unless the whole spectrum is weak, when 
they are likely to appear prominent by contrast. 
The correctness of the explanation of the source 
of these bands was seen after the instrument was 
taken apart and cleaned, shortly following the 
making of these records. After the cleaning, the 
spurious absorptions disappeared completely. 


Table 12, List of Spectra 


PLATE NO. Acids 


PAGE 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 


Formic acid. 

Acetic acid. 

Thioacetic acid. 

Chloracetic acid. 

Benzoic acid. 

p-Nitrobenzoic acid. 

Pyruvic acid. 

Glutaric acid. 

Succinic acid. 

N -Thiocarbamy 1 - /3 -benzylaminopropionic 
acid. 

Oxalic acid. 

Salic 3 dic acid. 

Phenylacetic acid. 

Capiylic acid. 


103 

103 

103 

104 
104 
104 
104 

104 

105 

105 

105 

105 

106 
106 


Other acids: 38, 57, 69, 82, 84, 86, 88, 91, 
92, 94, 96, 98, 100, 103, 105, 107, 109, 

111, 113, 115, 117, 119, 122, 137, 142, 

143, 145, 146, 148, 291, 293, 327, 328, 

329, 330, 331, 332, 333, 334, 335, 336, 

337, 338, 340. 


Table 12. List of Spectra— Continued 


PLATE NO. Esters 

PAGE 

15 

Meth 3 d anthranilate . 

. . 107 

16 

Phenacyl acetate . 

. . 107 

17 

Methjd carbonate . 

. . 107 

18 

Ethyl chlorocarbonate . . . 

. . 107 

19 

Ethjd trichloroacetate.... 

. . 107 

20 

Ethoxymethjdenemalonic acid diethjd 



ester. 

108 

21 

N-Phenjdgivcine ethyl ester_ 

• • i. v/O 

.. 108 

22 

deutero-N-Phenylglycine ethyl ester. . . 

. . 108 

23 

ThiazoIidine-4-carbox3dic acid method 



ester h 3 ^drochloride .... 

.. 108 

24 

N-Acet3dthiazolidine-4-carbox3dic acid 



methyl ester . 

. . 109 

24a 

N-Acetylthiazolidine-4-carbox3dic acid 



meth 3 d ester (chloroform solution). . . . 

. 109 

25 

2-Benz3d-A^-thiazoline-4-carbox3dic acid 



and methyl ester . . 

. 108 

26 

Ethyl a-amino-/3,/3-dimethylacrylate 

. 109 

27 

Eth 3 d a-allylphenaceturate. .. 

. 110 

28 

Ethyl hydantoate . 

. no 

29 

Diethyl oxalate . 

. 110 

30 

Dieth 3 d succinate . 

. Ill 

31 

Diethyl thiophenacetamidomalonate .... 

. Ill 

32 

Methyl benzoate . 

. 112 

33 

Butyl acetate . 

. 113 

34 

Eth 3 d acetate. 

. 113 

35 

Ethyl formate.... 

. 112 


Other esters: 43, 83, 85, 87, 89, 90, 93, 95, 


97, 99, 101, 102, 104, 106, 108, 110, 112, 


114, 116, 118, 120, 121, 144, 147, 149’ 

t 


151, 152, 153, 154, 155, 156, 157, 158,’ 



159, 162, 178, 309, 323. 



Salts 


36 

Sodium acetate.... 

114 

36a 

Sodium acetate (methanol solution) 

114 

38 

Sodium bicarbonate... 

114 

39 

Sodium salt of N-acet3dthiazolidine-4-car- 



boxy lie acid.. . 

114 

40 

Potassium salt of N-phenvlglvcinp 

115 

41 

Sodium salt of €-benzamidocaproic acid. 

115 

42 

Sodium hippurate hydrate. 

116 

43 

Sodium salt of monoethyl phenacetamido- 



malonate.... 

1 1 K 

44 

Sodium salt of dZ-N-phenacetylalanine. 

110 

116 

45 

Sodium salt of N-phenacet 3 dsarcosine 

117 

45a 

Sodium salt of N-phenacet 3 dsarcosine 



(methanol solution).. 

117 
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Tahlk 12. 


List of Spkitha— Continued 


>ATK NO. Salts [Coni'd) page 

4() liariuin plu'naccturatc (anliydrous). 118 

47 Barium ph(‘na('(‘turat(' hoxahydrato. 118 

48 Sodium i)h(‘nac('turatc hydrate. llh 

49 Silver plieiiaeeturate hydrate. 119 

Amixo Acids 

50 d/-Alanine. DO 

51 d/-Valine. DO 

52 o:-Amiuoisol>utyric acid. 119 

52a o-Amiii()is()l)utyric acid (methanol solu¬ 
tion). 119 

58 d/-a-Amino-a-methyll)utyric acid. 120 

58a d/-a-Amino-a-methyll)utyric acid 

(uKdhanol solution). 120 


54 d/-a-Amino-n-val('ric acid. 120 

55 t-Amino-n-caproic acid. 120 

50 d/-a-Amino-n-caproic acid. 120 

57 r//-Aspartic acid. 121 


58 Ovstine. 121 

59 f/-Isoleucirie. 121 

00 Anthranilic acid. 121 

()1 N-M(‘thvlanthranilic acid. 121 

02 N-Phenylslycine. 122 

02a N-Ph(‘nylj!;lycinc (methanol solution). 122 

08 ('r(‘atine hydrate. 122 

()4 /-Proline. 122 

05 Sarcosine. 122 

()(> /-'Lyrosine. 128 

()7 d-Alanine. 128 

()8 d/-d-Phenylalanine. 128 

09 d-Glutamic acid. 128 


A(’ii) Halides 


70 Acetyl hrornide. 124 

71 Ac(*tyl chloride. 124 

72 Benzo\'l chloride. 124 

78 Phenaeet\'l chloride. 125 

4 


Other acid h:i!id(’s: 18. 


Acid Vmtdks 



i •) 

7 5; 1 
70 

•<p« 

i I 

7s 


Acctamid<‘. 125 

PI K'lcn’'' I a 11 lidr. 125 

PIn'ii.M'rt ihtidr (niftliaiiol solution). 125 

P>t 11 /.I 111!' If ■ 120 

I *11 >1 >1' ma 111 idc. 120 

/ I |f :!pro iiiiidc. 120 

\ l.ii-'ii.iiiude. 120 


Table 12. List of Spectra —Continued 


PLATE NO. Acid Amides {ConVd) page 

80 Cyanoacetamide. 126 

81 Benzyl carbamate*. 127 


Other acid amides: 28, 151, 193, 194, 

N-Substituted Acid Amides 

82 a-Acetamido-0,)3-dimethylacrylic acid.... 127 

83 Methyl a-acetamido-jS,/3-dimethylacrylate 128 

84 a-Phenacetamido-/3,0-dimethoxypropionic 


acid. 127 

85 Methyl a-phenacetamido-/3,/3-dimethoxy- 

propionate. 128 

86 N-Phenacetylanthranilic acid. 129 

87 Methyl N-phenacetylanthranilate. 129 

88 Phenacetamidomalonic acid. 130 

89 Monoethyl phenacctamidomalonate. 130 

90 Diethyl phenacetamidosuccinate. 131 

91 €-Plienacetamido-n-caproic acid. 131 

92 6-Phenacetamido-n-valeric acid. 132 

93 Methyl 5-phenacctamido-n-valorate. 132 

94 N-Phenacetyl-/3-alanine. 133 

95 N-Phenacetyl-/3-alanine methyl ester. 133 

90 a-Phenacetamido-n-valeric acid. 134 

97 Methyl a-phenacetamido-n-valerate. 134 

98 Hippuric acid. 135 

99 l^thyl hippurate. 135 

100 Phenaceturic acid. 135 

101 Methyl phenaceturate. 136 

102 l^hhyl phenaceturate. 137 

102a Ethyl phenaceturate (chloroform solution) 137 

108 e-Benzamidocaproic acid. 136 

104 Methyl €-henzamidocaproate. 137 

105 a-Benzamido-d,i3-dimethylacrylic acid.... 138 

100 a-Benzamido-/3,/3-dimethylacrylic acid 

methvl ester. 138 

107 a-Phenacetamido-n-caproic acid. 138 

108 Methyl a-phenacetamido-n-caproate. 139 

109 a-Phenacetamidoisobutvric acid. 139 

110 Methyl a-phenacetamidoisobutyrate. 140 

111 a-Phenacetamido-a-methvl-n-butvric acid 140 

« % 

112 Methyl a-phenacetamido-a-methyl-n- 

butvrate. 141 

118 dLN-Phenacetylalanine. 141 

114 d/-N-Phenacetvlalanine methvl ester. 142 

115 d-N-Phenacety lisoleucine. 142 

IK) d-N-Phenacetvlisoleucine methvl ester- 143 

% ^ 

117 f//-N-Phenacetyl-/3-phenylalanine. 143 

118 r//-N-Phenacetyl-^-phenylalanine methyl 

ester. 144 


* This compound c(»uld also he grouped with the urethanes. 
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Table 12 . List of Spectra —Continued 

PLATE NO. N-SuBST. AciD AmIDES {CouVd) PAGE 

119 c?LN-Phenacetylvaline. 144 

120 (i/-N-Phenacet 3 dvaline method ester. 145 

121 2,4,6-Trimethylphenaceturic acid method 

ester. ^45 

122 o;-Acetamidoisobut 3 a*ic acid. 140 

123 N-Methylformamide. 145 

124 Benzanilide. I 47 

125 N-Methylphenacetamide. 140 

125a N-Methylphenacetamide (carbon tetra¬ 
chloride solution). 140 

126 N-Ethylacetamide. I 47 

127 deutero-N-Ethylacetamide. 147 

128 N-Benzylformamide. 14 g 

129 Formanilide. 14 g 

130 N-Ethylphenacetamide. I 49 

130a N-Ethylphenacetamide (carbon tetra¬ 
chloride solution). 149 

131 Phenacetamidoacetaldeh 3 ’'de. 14g 

132 N-Methylbenzamide. I 49 

133 deutero-N-Meth 3 dbenzamide. 150 

134 N-Acetamidopiperidine. 150 

135 N-Benzamidopiperidine. 150 

136 N-p-Nitrobenzamidopiperidine. 150 

137 Phenacetamidoaliylmalonic acid. 151 

Other N-substituted acid amides: 27, 28, 

31, 41, 42, 43, 44, 45, 46, 47, 48, 49, 152, 

153, 154, 159, 161, 216, 217, 218, 226, 

227. 

N,N-Disxjbstituted Acid Amides 

138 N,N-Diethylacetamide. I 5 I 

139 N,N-Dimethylbenzamide. 152 

140 N,N-Dimethylphenacetamide. 152 

140a N,N-Dimethylphenacetamide (carbon 

tetrachloride solution).. 152 

141 Acet3d piperidine. 253 

142 N-Acetylthiazolidine- 4 -carbox 3 dic acid.... 154 

142a N-Acetylthiazolidine- 4 -carbox 3 dic acid 

(methanol solution). 254 

143 ^"Phenacetyl-N-methylanthranilic acid. . 154 

144 LN-Phenacetylproline methyl ester. I 57 

145 ^N-PhenacetyIproline. 253 

146 N-Phenacetyl-N-phen 3 ''lgl 3 ''cine. I 55 

147 N-Phenacetyl-N-phenylglycine methyl 

. 255 

148 N-Phenacetylsarcosine. 150 

149 N-Phenacet 3 dsarcosine meth 3 d ester. 150 

150 N,N-Dimethyl-N-benzoylbenzamidine. .. 157 

Other N,N-disubstituted acid amides: 24, 

39, 155, 201, 202, 207, 208. 
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Table 12. List of Spectra —Continued 
plate no. Urethanes page 

151 Urethane . I 57 

152 N-Meth 3 durethane. 15 g 

153 N-H 3 ^droxyurethane. 15 g 

154 N-Methoxyure thane. 15 g 

155 N-Methox 3 ^-N-methylurethane. 158 

156 N-Benzo 3 d-N-methylurethane. 158 

157 Acetylurethane. I 59 

158 Phenacetylurethane. I 59 

Hydrazine Derivatives 

159 N-CarbethoxvbenzaIh 3 '^drazone. 159 

160 H 3 'drazine (anh 3 ^drous). 100 

161 1 , 2 -Diacet 3 dhvdrazine. 100 

162 Eth 3 d carbazate. 100 

Lactones 

163 2 -Benz 3 d- 4 , 4 -dimeth 3 ''loxazolone -5 . 161 

164 2 -Phen 3 d- 4 -benzvIoxazolone -5 . 101 

165 2 -Phen 3 d- 4 -isobutvloxazolone -5 . 102 

166 2 -Phenyl- 4 -(p-methoxybenzyl)oxazolone -5 162 

167 2 -Phen 3 d- 4 -isoprop 3 doxazolone -5 . 162 

168 2 -Phenyl- 4 -isopropylideneoxazolone- 5 . ... 161 

Lactams 

169 7 -But 3 u-olactam. 262 

170 ‘^"Meth 3 d-^-phen 3 d-/ 3 -aniIinopropionic 

lactam. 163 

Anhydrides 

171 Succinic anh 3 alride. 263 

1*^2 Acetic anh 3 'dride. 163 

Ketones 

173 Ketene. 203 

174 Ketene dimer. 204 

174a Ketene dimer (carbon tetrachloride solu- 

. 104 

175 Diphen 3 dketene. 

176 Quinone . jg. 

177 Methyl ethyl ketone .. ’ 

178 Meth3d pyruvate. 266 

179 2 , 4 -Dimeth 3 'lp 3 'rone . icc 

180 Acetophenone . -inn 

181 Biacet 3 d. 

182 C 3 ''clopentanone . 267 

Other ketones: 7 , 16, 322. 
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Tablk 12. List of Spectua—C o/iOioK'd 


PLA TK 

XO. Ai.dkhvdes 

PAGE 

1 O 1 


. 168 

1 rS \ 

1S5 


. 168 


Otlier aldehydes: 131. 



I'hka Types 


1 qk 

T . 

. 169 

1 ot) 

187 

.sym-l)i('thylurea. 

. 170 

187a 

svm-Diethvlurea (methanol solution). .. 

. 170 

1 OQ 


. 169 

1 n?S 


. 170 

1 n\j 

190 

Acetvlthiourea. 

. 170 

191 

% 

Phenacetylunai. 

. 169 


Sru’ciNiMiDE Type 


1 (lO 


. 171 

1 

192a 

Succinirnide (pyridine solution). 

. 171 

193 

Hvdantoic amide. 

. 171 

1 <t t 

« 

. 174 

1 \f~t 

195 

N-(n-Amyl)-succiniinide. 

. 172 

19(» 

Alloxan rnoiiohydrate. 

. 172 

1 (IT 


. 173 

1 if i 

198 

• 

5-Methvlhvdantoin. 

• • 

. 173 

199 

1-Methvlbvdantoin. 

« • 

. 174 

200 

3-IMethylbydantoin. 

. 175 

201 

l-Pli('iiiU'otyl-.5,.5-(lim('thyl-2-thi()liy(lun- 




. . 174 

202 

l-Plicnappt\l-.5-(N-h('nzyl!ic(‘tumi(lo- 



methyl)-2-tbiohydantoin. 

. . 175 

203 

5 -Benzal- 2 -thiohydantoin. 

. . 176 

204 

2-Thiohvdantoin. 

4 

. . 175 

205 

5-Methyl-2-tbiohydantoin . 

177 

206 

5-(o-nvdroxvb(‘nzal)-2-thiohydantoin 

. . 177 

207 

l-Acetvl-2-tbiohvdantoin . 

» • 

. . 177 

207a 

l-.\cctyl-2-tlii()hy(lant()in (pyridine solu 

- 


tmTi ) . 

177 

208 

l-H(‘nzovl-2-thiohvdantoin . 

• • 

. 177 

209 

5 -Furfur\liden(*- 2 -thiohydantoin 

. 178 

9 1 


176 

O 1 1 

^ . 

. 176 

Z 1 1 

212 

5 .r)-dilivdro- 2 -lhinnracil . 

. . 178 

213 

5,6-l)ibydn)-2-f liioiiFMcil . 

.. 179 

214 

5.6*1 )ili.\'di'omnril . - 

. 179 

215 

* 

. ISO 

2U'> 

1 _ 1 •[ 1 / \ 1-.”)- 1 M K i i;i ci'l ;i 111 h 1» '-2-1 111' H 11 :1 (tI 

. , . 178 
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1 -1 i. - n / \’t-.7-| i:i i'( 1 ;i i indi t.t i-< 111 1 \ ( 1 1 

o_ 


^ 1 11' ii ir:i '*1 ! 

179 

2 IS 

,■)-! :i iiih 1' 1-2-1 111- 

ISO 

219 

lid Ml' II'. I-.■..6H liii \ di 2-1 iiiunracil 

ISO 

22< > 

1 1; 1 11:1 1 . 

ISl 
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} lull .il 1 11 !'• 1 . 
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Table 12. List of Spectra —Continued 


PLATE NO. SuCCINIMIDE TyPE (CoilVd) PAGE 

222 2-Thiol)arbitunc acid. 181 

223 Alloxantin. 182 


Other succinimides: 156, 158, 242, 243, 

244, 294, 341, 342, 344. 

Oximes 

224 0-Mcthylbenzophcnoxime. 183 

225 Acetoxime. 182 


226 

227 

228 


229 
229a 

230 

231 

232 

233 

234 

235 

236 

237 

238 

239 

240 

241 


Imino Ethers 


Phcnaceturiminomcthylether. 182 

Phcnaccturiniinomethylether hydro¬ 
chloride . 

Methyl-N-phenylbenzamidate. 183 


Other C=N compounds: 150, 157, 159, 
341, 342. 

Organic Ion Salts 


Guanidine acetate. 

Guanidine acetate (pyridine solution). . .. 

Aminosuanidine sulfate. 

Amin()fi:uanidine bicarbonate. 

Guanidine carbonate. 

Guanidine thiocyanate. 

Ammonium thiocyanate. 

iMethylguanidine hydrochloride. 

Methylguanidine sulfate. 

Triphenylguanidine. 

sym-Diphenylguanidine. 

Acetylcholine bromide. 

S-Methylthiouronium sulfate. 

S-iMethylthiouroniuin iodide. 


184 

184 

185 

185 

186 
186 
187 
187 

187 

188 
188 
188 
189 
189 


Other organic ion salts: 227, 282, 285, 291, 
293, 326, 327, 328, 329, 330, 331, 332, 
333, 334, 335, 336, 337, 338, 339, 340, 
341. 


ACYCLIC C=C COMPOUNDS 

Refer to: 26, 27, 82, 83, 168, 173, 174, 175, 
176, 203, 206, 209, 243. 


242 

243 

244 


C=S Compounds 


Rhodanine. 

5-(p-I)imethylaminobenzal)-rhodanine- 

2-Thiothiazolidone. 


189 

189 

189 


Other C=S compounds: 10, 31, 189, 190, 
201, 202, 203, 204, 205, 206, 207, 208, 
209, 212, 213, 216, 217, 218, 219, 222. 
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SPECTRA OF VARIOUS COMPOUNDS 


Table 12. List of Sp^^ctra-C ontinued Table 12. List of Spectra~C ontinued 


plate 

NO. Nitro Compounds 

page 

PLATE NO. 

Sulfides (Cont.) 

PAGE 

245 

Picric acid. 

IQO 

97J. 07^ 

Methyl n-butyl sulfide_ 

Ethyl n-butvl sulfide. 

Methyl disulfide. 


246 

247 

p-Nitrotoluene. 

Nitromethane. 

. 190 

. 190 

276, 277 
278, 279 

. 204 

. 205 

. 206 


Other nitro compounds; 6. 


280, 281 

n-But}d disulfide. 

. 207 


248 

249 

250 

251 

252 

253 


254 

255 

256 

257 

258 

259 

260 


Alcohols 


Methanol. 

deutero-Methanol. 

Pentachlorophenol. 

sy m-T rihydroxy benzene 

Methyl cello.solve. 

Ethanol. 


. 191 

. 191 

. 192 

(phloroglucinol). 192 

. 192 

. 193 


Other alcohols: 12, 42, 47, 48, 49, 63, 66, 
153, 157, 196, 206, 223, 340. 


Amines 


Ethanolamine (chloroform solution). 

Diethanolamine (chloroform solution).. .. 
1 riethanolamine (chloroform solution) 
Morpholine. 

Morpholine (carbontetrachloride solution) 

N-Methylmorpholine. 

Diethylamine. 


193 

194 

194 

195 

195 

196 
196 


- ^ A « « « « ^ 

325, 332. 


PHENYL RINGS 

Refer to: 5, 10, 13, 16, 21, 22, 25, 27, 
32, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 
62, 68, 72, 73, 75, 76, 78, 84, 85, 88, 89, 
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 
100, 101, 102, 103, 104, 105, 106, 107, 

108, 109, no. 111, 112, 113, 114, 115, 

116, 117, 118, 119, 120, 124, 125, 128, 

130, 131, 132, 133, 135, 137, 139, 140, 

143, 144, 145, 146, 147, 148, 149, 150, 

156, 158, 159, 163, 164, 165, 166, 167, 

168, 170, 180, 184, 191, 201, 202, 203 

208, 212, 215, 216, 217, 218, 219, 224, 

226, 227, 228, 237, 238, 289, 290, 291 

292, 296, 308, 309, 314, 316, 319, 321 

322, 335, 336, 343, 345. 


Other amines: 15, 21, 22, 23, 26, 40, 50, 51, 
52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 
63, 64, 65, 66, 67, 68, 69, 160, 186, 187, 

188, 189, 190, 191, 211, 226, 227, 229, 

230, 231, 232, 233, 234, 235, 236, 237, 

238, 240, 241, 288, 289, 297, 300, 307, 

310, 311, 312, 313, 320. 


MONOSUBSTITUTED PHENYL RINGS 

Refer to: 6, 12, 15, 60, 61, 66, 86, 87, 136, 
166, 206, 246, 289. 

POLYSUBSTITUTED PHENYL RINGS 

Refer to; 121, 245, 250, 251. 


Mercaptans 


Purines 


261, 262 Ethyl mercaptan. 

263, 264 n-Butyl mercaptan. 

265, 266 n-Hexyl mercaptan. 

Other mercaptans: 3, 287, 290, 299, 300 
333. 


Ethers 

267 Diisoamyl ether. 

268 Ethyl n-butyl ether. 

269 1,4-Dioxane. 

Other ethers; 20, 84, 85, 166, 179, 226, 227 
228, 252. 


Sulfides 

270, 271 Dimethyl sulfide. . . 
272, 273 Methyl ethyl sulfide 


197 

1 ClQ 

282 

283 

Guanine hydrochloride 

Uric acid. . . . 

. 208 

OMO 

lyo 

1 QO 

284 

Xanthine.... 

onn 

lyy 

285 

Adenine sulfate... 

ono 


286 

Caffeine. 

. Z\Ju 

. 9in 


Thiazoles 


200 

287 

288 

2-Mercapto-4,5-dimethvIthiazolp 

2-Aininothiazole. 

. 210 
91 n 

200 

201 

289 

290 

2-Amino-4-(p-biphenyl)-thiazole. 

2-Mercapto-4-phenvlthiazole 

J u 

. 210 
. 210 



Thiazolines 



291 

2-Benz\d-A ^-thiazoline-4-carbox3’'lic acid 
hj^drochloride. . 

911 

202 

292 

2-Phen3dthiazoline-A ^ 

^11 

211 

203 


Other thiazolines; 25. 
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IXI'KARED determination OF ORGANIC STRUCTURES 


I'abm: 12. I.IST OF Si’KCTUA ('ontitni 


ed 


I'hiazolidin'ks 


PAGE 


PLATK NO. 

'>-1 )iin('tlo'ltliiaz(>li<lin('- l-carboxylic 

919 

acid livdrochloridc. 

91 1 

2,4-niox()thiaz()lidiiic. ‘ 


2u:i 


2!)4 


2 !)") 

20(i 

207 

208 
200 
8 ()() 


801 

802 

808 


804 

805 
800 
807 


808 

808ii 

809 


810 
81 1 
812 
81 


:il l 
;; 1 


OtluM’thiazolidinc^^ 28. 24. 89. 142. 


Bkn/otmiazoles 
BonzothiazoU'. 

2-PlK‘iiyll)(*iizi)thiaz()l(‘. 

2-Ainin()lK‘iiz()thiazolo. 

2-M(‘thvll)onzothiaz<)Ic. 

2-M<‘rcaptohciizothiaz()lo. . 
0-Amino-2-m<‘rcaptol)onzothi 


azole 


212 
212 
218 
218 

213 

214 


Hkxzoxazoles 

2-Meth\4henz()xaz{)l('. 

I^enzoxazole. 

2 -Fthvlinercai)tol)(aiz()xazole. 


214 

215 
215 


BF:NziMn)AZOLp:s 

Benzimidazole. 216 

2-Met hvlbenziinidazole. 210 

% 

5-.Methylbenzimidaz<)le. 210 

2-Aininobenzimidazole. 216 


Imidazoles 

2-Benzvlimi(laz()le-A ^ 217 

2-Benzvlimidazole-A ^ (ebb)r<‘form solu¬ 


tion) 


217 


218 


2-B(‘nzyl-4-carbethoxyimidazole-l-acetic 

acid ethyl ester. 

2-Benzyl-4-carbethoxyimidaz()l{'-l-ac(‘tic 

acid (‘thvl est(*r (chloroform solution). . 218 


PlPiatlDlNES 

Pip('ridin(‘. 219 

a-.M<'th\4pip<‘ii<iiii(’. 

2.8)-l )inict fiylpiiKM-idiiM' 

2.1-1 liiiirl li\ Ipipci'iiliiH* 


Table 12. List of Spectra— Continued 


PAGE 


< llln'l pl|H'l ldllH‘ 


i;;i. l.;o.. i ii 


\\]'< I.!. I. \ \ I “I 


I \t. ( I >M i’( n \ 1) 


1 )1 •) I • ... . 

. I- \ 1 (•! } I \ 11 >\ I :i /.« jIi IIH--.). 

1 d Mi< ii \ I-8 -iim I li \ !(>> raz<iioiu‘-5. . 


PL.ATE NO. yhsc. Ring Compounds (ConVd) 

8,5-Dimethylpyrazole. 223 

1- Ethyloxindole-2. 224 

2- BenzyHmidazolinc. 222 

2-Benzylimidazoline (chloroform solution) 

Pvrrole. 221 

N-Benzylpyrrole. 223 

l-i\lethyl-2,4-dioxo-3-phenylpyrrolidme.. . 224 
A 2-Pyrazoline-3,4-dicarboxylic acid 

dimethyl ester. 225 

Pyridine. 225 

Thiophene. 226 


317 

318 

319 
319a 

320 

321 

322 

323 


324 

325 


320 

327 

328 

329 

380 

381 
332 

338 
334 
385 
33() 
337 
388 

339 

340 

341 


342 

843 


Amine Hydrochlorides 

d/-Alanine hydrochloride. 226 

a-Aminoisol)utyric acid hydrochloride. . . . 226 
d/-a-Amino-a-methylbutyric acid hydro¬ 
chloride . 226 

r//-a-Amino-n-valeric acid hydrochloride. . 227 
r//-a-Amino-n-caproic acid hydrochloride.. 227 

f/-Glutamic acid hydrochloride. 227 

('ystine hydrochloride . 227 

Cysteine hydrochloride. 227 

Sarcosine hydrochloride. 228 

N-Phenylslycine hydrochloride. 228 

d/-/3-Phenylalanine hydrochloride. 228 

6-Amino-n-valeric acid hydrochloride. 228 

/-Proline hydrochloride. 228 

r]thvlamine hydrochloride. 229 

/-Tyrosine hydrochloride. 229 

Creatinine hytlrochloride. 229 

Other amine hydrochlorides: 23, 227, 235, 

282, 291, 293. 


AIiscellaneous Compounds 

Creatinine. 230 

Benzyl chloride. 229 


. . 219 

844 

845 

a-Phenylazoacetoacetic acid ethyl ester... 

£iO\J 

231 

. 219 

846 

Dehydracetic acid. 

231 

. . 220 

846a 

Dehydracetic acid (chloroform solution).. 

231 

. . 220 

847 

Triethylamine oxide. 

% 

232 


348 

Triethylamine oxide dihydrate. 

230 


349 

n-Hexadecane. 

232 


350 

Nujol (paraffin oil). 

201 


351, 

352 Chloroform. 

233 

221 

858 

Water ... 

234 

222 

854 

99.5% heavy water. 

234 

. . 228 

855 

Carbon tetrachloride. 

232 
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Plates. Assignments: 5.81 ^ Acid C =0 Preparation: 0.015 
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N-ACETYLTHIAZOUDlNE-4- 
CARBOXYLIC ACID METHYL ESTER 
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PLATK29. Assignments: 5.C9M Ester C=0 Preparation: 0.02 mm 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































BENZOIC ACID METHYL ESTER 


































































































































































































































































































































































































































ACETIC ACID ETHYL ESTER 
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-iIPPURlC ACID SODIUM SALT (HYDRATE) PHENACETURIC ACID SODIUM SALT ( HYDRATE) 
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PHENACETURIC ACID BARIUM SALT (ANHYDROUS) 
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dl-a-AMINO-a-METHYLBUTYRIC ACID 
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PHENACETAMIDE 
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PROPIONAMIDE 
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PHENACETAMIDOSUCCINIC ACID 

DIETHYL ESTER 
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Plate 91. Assignments: 5.90 m Acid C=0 Preparation: Oil paste 

6.11/X Amidol 
6.53 M Amide II 
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Plate 95. Assignments: 5,76 m Ester C=0 Preparation: Capillary cell 

6.05 II Amide I 
6.48 n Amide II 
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HIPPURIC ACID HIPPURIC ACID ETHYL ESTER 




















































































































































PHENACETURIC ACID METHYL ESTER 
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e-BENZAMIDOCAPROIC ACID METHYL ESTER 
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Plate 138. Assignments: 5.81 „ Imimrity 
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Plate 158 . Assignments: 5.72 m C =0 Preparations: Oil pa.ste 




































































9S&- 

ZV2- 


641- 

8?‘4- 

liO- 

110 - 

I9'9- 

80‘9- 








€0 

00 

CM 


Td+s^' 

..-Q0:£' 




> • • • • 





K) 

I 

o 

I 

o 

o 


Z 

I 

I 




< X 
N - 

“ 05 

6 o=i - 

^X-Z ^ 
hj I 




.Bx' 

•/. 


= i a. i ^ 

- ^ oc — :: 
u GC q aD s 

7 lO r 

^ A* 


I ? 


4?ll- 



0?'6- 


30'6- 


ise- 


S6'4- 


914- 

96-9- 

999- 

45'9- 

4Z9- 

06 S- 


C 



• • • 4 . 




a. a. 2. 

-M •?: - 


'4 

T^'-^'v-rnyvlt, 


B '-E 




•• 1 




9 

i ‘ 


9L1 


ONnoyor 
• ->iDvg I 


. 29 9 
019 


zr5 

I9> 

Off s 6££ 

“>9 SLZ 










P 1 .ATEI 6 O. Assignments: 6.20 M *NH, Preparations: 0.015 mm 
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PLATii 173. Preparations: Solution in CHCI 3 , 0.08 inni 
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Plate 175. .015 mm 
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Plate 192a. Preparations: Pyridine solution, 0.02 
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Plate 198. Assignments: 5.78 m 4-C=0 (ring) Preparations: Oil paste 

6.90 fx 2-C=0 (ring) 
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Plate 202 . Assignments: 5.69 ^ 4-C^ Preparation: Deposited from acetone 
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Plate 222. Preparation: Oil paste 
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Pi.ATK 223. Propaniiions; Oil paste 
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Plate 228. Assignments; 6 . 00 C=N Preparation: 0.015 
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Plate 231. Preparations: Oil paste 

































































































































































































































































METHYLGUANIDINE HYDROCHLORIDE 
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Plate 234. Assignments; 4.81 m C=N Preparations: Deposited from pyridine 
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Preparations: 0.02 mm 
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Plate 257. Preparations: Pure liquid. 0.02 
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Plate 262. Preparations: KBr prism, 0.08 
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Plate 350 
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Plate 275. Preparations: KBr prism, 0.15 mm 


































































































































































































































































































Plate 279. Preparations: KBr prism, 0.15 mm. 
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Plate 321. Preparations: O.OOo 
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Plate 346a. Preparations; Chloroform solution 0.02 mm 
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ester, 131 

5-phenacetamido-2-thiouracil, 180 

a-phenacetamido-n-valeric acid, 134 
oj-phenacetamido-n-valeric acid methvl 
ester, 134 

d-phenacetamido-n-valeric acid, 132 
d-phenacetamido-n-valeric acid methyl 

ester, 132 

phenaceturic acid, 135 
phenaceturic acid ethyl ester, 137 
phenaceturic acid methyl ester, 136 
phenaceturic acid barium salt (anhy¬ 
drous), 118 

phenaceturic acid barium salt (hexahv- 
drate), 118 

phenaceturic acid silver salt (hydrate). 
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phoii;ic('turi(‘ acid sodium salt (hydrate), 
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plieiiaceturiminoinethylether (methyl 
pheiiaceturirnidate), 182 
ph('nac('tiinmiiiometliylether hydroclilo- 
ride, 184 

dZ-X-phenacetylalaiiiiie, 141 
('//-X-pheMac{'tvl alanine methyl ester, 
142 

d/-X-phenacetyI alanine sodium salt, 1 KJ 
X-phenacetyl-/i-alanine, 188 
X-ph(‘na'*etyl-^-alaninc methyl ester, 
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X-phenacetylanthranilic acid. 120 
X-ph(*nacetylanthranilic acid methyl 
ester. 120 

l-j)henacetyl-r)-(X-henzylacetamido- 
m(‘tliyl)-2-thiohydantoin, 17o 
pliet)ac(‘tyl chlorid(‘, \2') 

1 - plienacetyl-"), ^)-dimethyl-2-thiohy- 
dantoin, 174 
])henac(4yl ^roup, 7 
d-X-pli(*nacetylisoleucine, 142 
X-phenacetylisoleiicine metliyl ester, 
148 

X-j)[ienacetyl-X-tnethyI anthranilic 
acid, 17)4 

('//-X-i)henacetyl-/?-[)henylalanine, 148 
ry/-X-phenacetyl-/i“phenylalanine 
methyl ester, 144 
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X-i)henacetyl-X-phenyl*j;lycine methyl 
ester, loo 
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/-X-phemicetylproline methyl ester, lo7 
N-phenacetylsarcosine, loO 
X-phenac(*tylsarcosine methyl ester, lo() 
N-phenacetylsarcosine sodium salt, 117 
p[i(‘nacetylurea. KiO 
phenac(‘tyl urethane, loO 
d/-X-phenacetylyaline, 144 
r//-X-pli(‘nacetylyaline methyl ester, 145 
phenacyl acetate, 107 
phenacyl acetic acid. 75 
phenylacetic acid. 100 
^//-/i-j)henylalanine, 128 
r//-/?-plienylalanine hydrochloride, 228 
or-phenylazoacetoacetic acid (*thyl est(*r, 
281 

Phenyl I. II hands, 20 
X-phenyll)('!izamide (henzanilide), 147 
2-phenylhenzotIliazole, 212 
2-j)henyl-4-l)enzylo\azf)lonf*-o, KU 
e-f)henyl c.Mproamidc', Oli. 120 
0-phciiyl-o,0-dihydro-2-Hiiour;icil. 180 
.\-plienylfomiamid(‘ (forni:inllidc). 148 
X-plicnyli^lyrine. 10, 122 
X-phi‘ii\iirlyciii( (dhyl (‘ster, 108 
X-plicnylirlycinf' hyilrochh)rid(\ 15. 228 
\-plienyl; 4 l\' iii(‘ pi»t;iS'ium s.alt, I 15 
phenyl ^roiij'S, Ki. 20 
2-plienyl-l-isol mi t \ li )\.i /.nl< hic-5, 11)2 

2-[)h(‘nyl-4-isopi'opylidene-()Xazolone-5, 

101 


2-phenyl-4-isopropyIoxazoIone-5, 102 
2-phenyl-4-(p-methoxy benzyl) oxazo- 
lone-5, 102 

1- phenyl-8-methylpyrazolone-5, 228 

2- plienylthiazoline-A-, 211 
phlorojilucinol (trihydroxv benzene), 

192 

phosgene (carbonyl chloride), 42 

jdiospltorous, 4 

phthalic anhydride, 79 

picric acid, 190 

piperidine, 219 

])iperidines, 11 

j)iperidione, 07, 08, 69 

Plyler, E. K., 89 

polisliiii" agents, 92 

precision of wayelenjrths, 91 

primary calibration. 89 

prism <:ratinp; spectroj^raph, 88, 89 

/-proline, 122 

/-proline hydrochloride, 228 
propane, 42 
propiolic acid, 42 
propionald(‘hy<le, 168 
propionamide, 120 

• % 

pr()j)ionic acid, 42 
prof)ionyl cliloride, 42 
propylene, 42 
purines, 14 

A“-pyrazoline-8,4-flicarboxylic acid di¬ 
methyl ester, 225 
pyrazolines, 7 

pyridine, 7, 17, 89, 42, 91, 225 
pyrrole, 89. 42. 221 
pyruyic acid, 104 

pyruyic acid metliyl ester, 18. 100 

quantitative analysis, 1 
(juinone, 105 

Randall, H. iM., 85, 91. 98 
random error, 90 
UansoholT, M., 2 
Rasmussen, R. S., 10 
Rawlins, E. I. G., 8 
recording spectrometers, 85 
resolution, 87 
Robertson, R., 89 
rhodaiiine, 189 
rockinj' yibrations, 45 
Ross, A., 3 

salts, 4, 17 
salicylic acid, 105 
sample preparation, 92, 93 
sarcosine, Ki, 122 
sarcosine hydrochloride, 228 
Schaefer. C.. 3 
Scheinberg. H., 12, 13 
Schubert, M.. 8 
secondary calibration, 89, 91 
sel(*nat(“s. 0 

sensiti\ ity (instrumental), 87 
Senti. 12 


silyer chloride, 92 
silyer phenaceturate, 119 
Sleator, W. W., 89 
slit widths, 87 
sodium acetate, 114 
sodium bicarbonate, 114 
sodium hippurate hydrate, 116 
sodium phenaceturate, 116 
solution spectra, 94 
solvents, 93 

solvent transmissions, 94 
sources of enerjjy, 85 
speed correction, 90, 91 
stretchiiiK vibrations, 45 
Strong, J., 85, 86 
structure groups, principle, 4 
subjective band intensities, 20 
succinic acid, 17, 105 
succinic acid diethyl ester, 111 
su(H*inic anhydride, 163 
succinimide, 14, 171 
sulfates, 6 

sulfhydryl, 6, 7, 15, 66, 68 

sulfides, 6 
sulfur, 4 

sulfur dioxide, 42 
Sutherland, G. B. B. M., 3, 13 
symmetric molecules, 17 
symmetric vibrations, 39 

Taylor, A. M., 3 
temperature corrections, 90 
tetrachloroethvlene, 42 
thermopile, 87 

thiazolidin('-4-carboxyIic acid, 15 
thiazolidine-4-carboxylic acid methyl 
ester hydrochloride, lOS 
thiazole I, 11 bands, 20 
thiazolines, 7 
thioacetamide, 42 
thioacetic acid, 103 
2-thiobarbituric acid, 181 

N-thiocarbamyl-,i-benzylaminopropi- 
onic acid, 105 
thiocarboxylic acids, 15 
thiocyanates, 2 
2-thiohydantoin, 14. 175 
thioketones, 6 
thiolesters, 5. 17, 67, 68, 69 
thiophenaeetamidomalonic acid diethyl 
ester, 111 

thiophene, 7, 17, 91, 226 
2-thiothiazoiidone, 189 
thiouracils, 14 
thiourea, 39, 42, 170 
thioureide ion. 5. 19, 20, 66 
titanium oxide, 92 
triborine-triamine, 42 
trichloroacetamide, 42 
trichloroacetonitrile, 42 
triethanolamine, 194 
triethylamiue oxiiie, 232 
triethylamine oxide tlihydnRe, 230 
trihydroxybenzenc (symmetrical), 192 
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2.4.6- trimethyIphenaceturic acid methyl 
ester, 145 

2.5.5- trimethyl-A2-thiazoIine-4-car- 

boxylic acid methyl ester, 66, 67, 68 

1.3.7- trimethyIxanthine (caffeine), 210 

3.4.5- trimethoxybenzaldehyde, 81 
trinitrophenol (symmetrical) (picric 

acid), 190 

triphenylguanidine, 188 
t\nsting vibrations, 45 
Z-t)rrosine, 123 


^-tyrosine h 3 ^drochloritIe, 229 

uracil, 14, 176 
uramil, 181 
urea, 17, 39, 42, 169 
ureas, 5 

urethane, 18, 157 
urethanes, 11 
uric acid, 208 

c?/-valine, 119 


veeder numbers, 86 
vinyl acetylene, 42 

wagging vibrations, 45 
water, 39, 89, 234 

water, heavy (D 2 O), 39, 42, 234 

Williams, V. Z., 3 

Wick, L., 60 

Wright, N., 3, C 

Wu, Ta You, 3 

xanthine, 209 
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